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RECORDERS and... 
RECORDER-CONTROLLERS 


TAG RECORDERS supplement the performance of indicating thermometers or pressure 
gages with written records you need for reference. 





It is not enough that temperature changes and pressure losses may be apparent when 
the conventional thermometer or pressure gage is looked at . . . Here are instruments 
that give you a continuous written record of not alone the magnitude of the temperature 
or pressure change, but WHEN these changes took place — HOW LONG conditions 
were upset—and precisely HOW MUCH. 


Just translate the value of a written record of WHEN, HOW LONG and HOW MUCH 
into terms of economy and product improvement in your process. You will see several 
points in your plant at which TAG RECORDERS could serve you well. At the same time, 
you will find it profitable to consider how TAG Automatic CONTROLLERS of the re- 
cording type, either with or without the RESET FEATURE, supplement the efforts of 
operators responsible for maintaining your process under correct temperature and pres- 
sure conditions. 


Write for descriptive Catalog No. 1060-1 which tells you the whole story. 








C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 











To Measure—STRAIN 
ELECTRICALLY 


eeepc 


Measuring lateral force exerted on rails by locomotive wheels 


OW much would you guess that a concrete road 


yields to the pounding of a passing truck—or 
the trifling weight of a boy on a bicycle? How great 
are the stresses set up in an airplane when it pulls 
out of a power dive? How much lateral force do loco- 
motive wheels exert on the rails at 20 miles an hour; 
at 120 miles an hour? 


Tough questions, aren't they? but the strain gage 
answers all of them and many more. 


This G-E instrument measures strain in all kinds of 
structures. It will indicate how much you can bend 
a steel bar, 2 inches square, with your fingers—-about 
1/1,000,000 inch. Yet it’s so sturdy that it will retain 
calibration when mounted on the running gear of a 
speeding locomotive. 


The strain gage is enabling engineers to study the 
behavior of bridges under higher speeds and heavier 
loads. Knowledge gained from studies with the strain 
gage helps in building better roads, lighter vet 
Stronger airplanes, safer storage tanks, and in many 


HEADQUARTERS 


FOR ELECTRICAL 


other wavs contributes to the progress and efficiency 


of industry 


Strain is but one of the many nonelectrical quantities 
that can now be measured electrically with G-E 
instruments. Sound, vibration, light, balance, dimen- 
sions-—even the infinite shades of color all vield 


their secrets to G-E instruments. 


For electric measurement, there are accurate instru- 
ments that measure current, voltage, resistance, watts, 
ICAT 


frequency, power-faccor~ in dozens of stvles, ind 


ing and recording, and in ratings to fill every 
need 

For almost 50 vears General Electric has been a 
leader in the design and manufacture of electric 
instruments. Its engineers bring to measurement the 
experience gained in every field of electrical endeavor. 
When vou have a problem that involves measure- 
ment, let us help you solve it. General Electric, 
Schenectadv, N. ¥ 
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With the speed boa 
of the wind! ¥ 


Thirty-five stories above Chicago's 
Michigan Boulevard, atop famed 
Tribune Tower, sensitive wind 





measuring instruments (Bendix- 
built) respond to gale or zephyr. 
In the lobby, 456 feet below, one 
may read the precise current {| 
velocity and direction of the wind 
and an anemographic record 






















of all its recent vagaries. 


Via BENDIX-CORY 


AUTOSYN 


Remote Signaling Units mm 










A pair of Bendix-Cory Auto- 
syns do the trick, wired in 








simple circuit (see diagram) 
between each instrument and 
its remotely-located dial. They 






aren’tcostly. They aren't delicate. 
They aren’t complicated. 
Autosyns will transmit almost 
any kind of reading—pressure, 
current load, r.p.m., position, 








rate-of-flow, count, dimension, 
liquid level. In large aircraft they 






bring the functioning of engines 
and control elements under the 
eye of the pilot. In industrial 
plants they bring required dial 








readings to any central point. 

Made in several sizes and types, 
accurate within 1° + or - 
('% or — on special order). 
Write for details. (It will be help- 
ful if you give some data as to 
your special problems.) 


BENDIX AVIATIONCORP. /| 2 


MARINE DIVISION \ 3 


754 Lexington Ave 
Brooklyn, N. Y. 
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Cooperation 


(' has been noticed, no doubt, that announce- 
] ments of meetings to be held by societies devoted 
to instrumentation are given space in this maga- 

The Instrument Publishing Company is de- 
lighted to render this little service. Needless to say, 
there is no charge. 

No, that’s not quite right. We should not have 
written ““Needless to say.”’ For the benefit of sev- 
eral groups it is necessary to state definitely that 
our columns are at their disposal. Somehow or 
other, the impression prevails in certain localities, 
and among certain groups of measurement-minded 
men, that ‘those people in Pittsburgh’’—meaning 
the Instruments Publishing Company—‘are in bus- 
iness. They naturally wouldn’t do anything for 
nothing and so there’s no use trying to get them 
to carry our announcements.” 

That impression is wrong. 

Because our publishing company is a business 
firm, and because it believes in building for the 
future, its policy is to encourage the formation and 
growth of local groups of men who share a com- 
mon desire to know more about Instrumentation. 
This Company—as a publishing company—finds it 
a good business policy to create good-will among 
all devotees of instrumentation whether or not they 
they are “prospects” in any way, shape or form. 
There is a sharp line of demarcation between sell- 
ing space in advertising columns to manufacturers 


and dealers who invest in that space in order to 
boost their sales, and assigning whatever space is 
needed for announcing or reporting the activities 
of groups which are non-commercial. 

The same applies to announcements of courses in 
instrumentation. We are eager to run the announce- 
ments of such courses, without charge—even when 
such courses are not given free of charge, and for 
exactly the same reason that we like to give space 
to the activities of instrument men’s organizations. 
These groups have to charge dues in order to thrive 
as clubs or associations or societies or what not. 
Educational institutions, likewise, except in rare 
cases of WPA education projects and other assist- 
ance, have to charge registration and tuition fees. 
So long as they are non-commercial, we shall be de- 
lighted to aid them in every way that lies within 
our power. 

And this offer of assistance is hereby extended to 
all “movements” or activities of any sort which aid 
in promoting the growth of instrumentation—par- 
ticularly in those cases where the aim is distinctly 
related to National Defense. 

Therefore we extend the hospitality of our col- 
umns to all government agencies which have to do 
with the recruitment or training of instrument 
men—whether directly or indirectly. 

So much for us. What about you? And by you we 
mean Uncle Sam, we mean state governments, we 








American Society for Measurement and Control 


Open Meeting—Monday, November 25 
Bureau of Mines Auditorium, 4800 Forbes Street, 8:00 p. m 


HIGH SPEED PHOTOGRAPHY AS AN INDUSTRIAL 
INSTRUMENT 
By EARL C. RIEGER, 


International Harvester Co. 
(Chairman, Chicago Society for Measurement and Control) 


Mr. Rieger will show motion pictures taken at the rate of 
000 frames per second: combustion pictures taken through 
quartz window in an engine, valve spring bounce, mech- 
nism movements, etc. 

This being an open meeting, visitors will be welcome. 

Ample parking space in rear of the Bureau of Mines 
building. 


Chicago Society for Measurement and Control 
Open Meeting—Monday, December 16 


OBTAINING ACCURACY IN TEMPERATURE 
MEASUREMENTS 


By: Major M. F. Behar 


Editor of Instruments 
Central Y.M.C.A. Auditorium, 19 So. LaSalle St., Chi 


cago, Illinois—Dinner at 6:30—$1.25. This is an open meet 
ing and all are invited. If you cannot come to the dinne 


come for the meeting and discussion at 7:30. 
Please ’phone dinner reservations to Carl Hope at Canal 
4100, or address the Society at 2626 W. 31st Boulevard. 
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mean local governments, we mean unofficial groups, 
we mean educational institutions, we mean Cham- 
bers of Commerce, and every other official or un- 
official agency which may benefit through the pub- 
lication of its announcements in our columns. 

In every such agency or unofficial 
there should be someone whose DUTY it is to send 


association 


us notices.* 

Another false impression is that this Company 
“runs” the existing groups of instrument men—or 
that it means to “run” movements of any 
whatever which are designed to promote instru- 


sort 


mentation. Anyone who has “‘been around” knows 
that artificially-stimulated organizations do not 
last long. It is a rigid policy of the Instruments 
Publishing Company to aid and assist movements 
and activities which sprang up by reason of e.xist- 
ing demand—never to give birth to such move- 
ments ... Except, of course, indirectly by preach- 
ing the need. 

Consider for example what is being called the 
parent organization of instrumenticians, namely, 
the American Society for Measurement and Con- 
trol. We told the story once, but memories are 
short, so it behooves us to tell it again. 

In January 1939 a group of about thirty instru- 
ment men, averaging about twenty-five years of 
age, met spontaneously and formed themselves into 
an association known as the “‘American Society of 
Instrument Engineers.’”’ We were not there. This 
Company had nothing to do with this launching of 
the first group of its kind. In fact it was not until 
six months later that the president of that society 
notified someone connected with the Instruments 
Publishing Company that such a society was in ex- 
istence. The notification took the form of a brief 
letter to your editor, inviting him to attend a meet- 
ing of the “‘American Society of Instrument Eng- 
It was only during the next few months 
that these fine young enthusiasts decided—again 


neers.” 


of their own volition—to enlist the services of sev- 
eral older engineers. They did not have to ask 
twice. They had to insist, however, that someone 
connected with this company accept an office. 

One of the first things the older men did, for ex- 
ample, was to advise the dominant young element 
to change the name of their society—to drop the 
from 
openly that the society is not a professional engi- 
to be proud that it has for its 
chief purpose to raise the status of its members by 


word “Engineers” its name — to recognize 


neering society- 


creating opportunities for its members to raise 
their status through their own efforts. The name 
was changed to American Society for Measurement 
and Control. Membership is open to non-engineers. 


*Mimeographed notices should be accompanied by letters to the 
Publisher because this office like all magazine offices—receives 
thousands of publicit handouts from hundreds of organizations. 
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President Pigott, who is prominent in the A.S.} 
believes that the younger men can become elig >|; 
for membership in that great engineering soc +, 
as a direct result of the educational work of ¢ 
A.S.M.&C. Some of the “seniors” have not « |; 
given of their time to committee work, but 
prepared and delivered lectures and talks, ther ), 
helping members to help themselves. 

There has begun an interchange of lecturers 
informal speakers among the various local gro 
in direct consequence of the committee work ; 


other society work performed by the seniors {or 
the benefit of the young men who constitute 
majority of members in all local groups. 

If this company is “running” instrumentati 
societies or instrumentation courses or instrume: 
tation activities of any sort, the record shows tha 


— 


it is not doing it for business reasons except as it 
may be casting bread upon the waters. The record 
shows that both the president of this company and 
the writer, in the course of their work for local in- 
strument men’s groups, have induced several to 
apply for membership in existing societies of engi- 
neers, of chemists, etc.; to subscribe to various sci- 
entific and technical journals; to enroll in courses 
given by educational institutions; to buy technical 
books published by nearly every technical publish- 
ing company in the United States. 

And yet there are those who hesitate to send us 
notices for fear that some subscription salesman 
would camp on their doorstep! 

We never have asked any one of the original 
group of thirty young men here in Pittsburgh why 
they waited six months before giving us a hint that 
they were in existence. It would not astonish us to 
learn that there was the natural constraint which 
any non-commercial organization feels toward a 
business firm — particularly an organization of 
young men. When the writer was half his present 
age, he belonged to a chapter which had received a 
“proposition” greatly to its advantage—and delib 
erated nearly three months before establishing con- 
tact with the business concern in question. 

But for older men, such as government officials 
engineering professors, and others wno need pub 
licity in our columns, to refrain from sending us 
notices or otherwise calling upon us for assistanc 
—that is absolutely inexcusable. 

Moreover—and finally—we are willing to giv: 
the benefit of the doubt. This final assertion i 
made for the benefit of punctilious men (like on 
we know) who thought that their organizations 
being dues-charging organizations, were not en 
titled to free space in the columns of a publicatio! 
which they do not support in a tangible way. 

Appoint someone to keep us informed. We ar 
not mind-readers. We can’t cooperate if you don’t 














OHPVC oo 


| PREPARED TO PRODUCE 


WITH TAYLOR’S HELP 


ACTORIES hum from coast to coast. Plant 

lights shine out all through the night. 
Sounds and sights of this nation preparing 
to protect our peace, our freedom, our good 
American way of life. 

American Industry has buckled down to 
its biggest production job since a similar 
time of need, twenty-odd vears ago, and is 
doing a grand job of it. More clothing, more 
food, more power, more petroleum are al- 
ready being produced. From eastern to 
western oceans, vital industrial processes 
have been stepped up amazingly. 

And they have been stepped up confi- 
dently, with the absolute assurance that 
swiftly increased quantity will not mean 
decreased quality. 

That’s where Taylor comes in. Taylor 
Instruments are helping Industry speed up 
safe production. Taylor Instruments are 


The new 


BE PREPARED WITH 


helping Industry produce to more rigid spe 
cifications easily, fully, and economically 

Modern plants use Taylor Instruments 
like the great new Taylor Fulscope Control 
ler (the unique five-in-one controller! to 
help make plant operations— manufactur 
ing, processing, or whatever they may be 
automatically exact, automatically foolproof, 
automatically faster and more efficient. 

Even in crisis, American Industry can be 
confident. Nowhere else in the world are 
finer Instruments more completely guard 
ing vitally necessary operations. 

Taylor is glad and grateful for this vast, 
unique opportunity to help America “Be 
Prepared.”” Uncle Sam will be ready. The 
United States zs prepared to pre luce. We are 
producing. Our production is our defense 

Taylor Instrument Companies, Roches 
ter, N. ¥. Plant also in Toronto, Canada 


Taylor Fulscope Controller 
helping Industry’s 
huge preparedness program 
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TEMPERATURE, PRESSURE, FLOW 
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Mi aintainine PROPER DRAFT 
s relatively a simple job once a Hays 
Draft Gage has been installed. Ac- 
urate measurements supplant guess- 
work, resulting in more efficient com- 


bustion 


HAYS ORIGINATED and perfected 
the dry or diaphragm type of draft 
gage and today Hays Draft Gages 
are standard equipment in thousands 
f the nation's boiler rooms 


HAYS DRAFT GAGES are offered 
in a wide variety of types from the 
illustrated above, to record- 
ng gage. Send for our catalog to- 
day. Write to 925 Eighth Avenue, 
Michigan City, Indiana. 


AYS CORPORATION 


Vv type 








NDIANA.USA 








IMPROVED 
“SPOTLIGHTS”’ 





Rubicon MULTIPLE REFLECTION galvanom 


eters have recently been much _ improved 
hrough redesign of optical system. The defi 
nition of the line-image is now so sharp that 
readings can be estimated to .1 of a milli- 
meter division 

These sturdy self-contained galvanometers are 
available with sensitivities as high as 5 x 10 
ampere and 1 x 10—6 volt per millimeter di 
vision 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 


29 North 6th St. Philadelphia, Pa. 


Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin Bridges, 
Resistance Standards, Resistance Boxes, Coil 
Testers, Clip-on Ammeters, etc 
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THE MONTHS NEW 
INSTRUMENTS 


in this department we strive to report each month ALL the new devices for measure 
ion, testing, metering and automatic control. 
n writing to manufacturers directly, please mention this department as your source of 


ion. Or write to Information Section, 


Instruments Publishing Company. 








Spced Indicator for Timing 
Aircraft Catapults 


\ new speed indicator designed to elimi 
nate much of tl hazard in catapulting air 
hips may with some changes 
be used to time other moving objects. The 
devi includes two coils mounted one foot 
ipart in the catapult at the end of the run 


permanent magnet to. be 
catapult, The 


ind n alnico 


vunted in skid on. the 


Fig. 1 
kid ij hot lowr the catapult witl 
witl 1 plane n it. As the magnet passe 
r th coil voltage impul il t ul 
in ther ind the speed of the skid i p 





of which ren deflected until a button is 


ains 


pushed, With the device it is possible to 

eck the djustment of a catapult by 
shooting the skid down the track without 
risking pilot and plane. If the skid regis 
ers the proper speed, the plane can then be 


with the 
compressed ill 


placed on the skid and shot off 
correct adjustment of the 
mechanism driving the catapult. The speed 
indicator actually measures the time inter- 
val between the voltage impulses from the 
pick-up coils. Thus any short time intervals 
which can be co-ordinated with impulses of 
this type can be measured, In timing planes 
leaving catapults at around 60 miles an 
hour, the device has an accuracy of + ( 

General Electric Co., Schenectady, N. } 
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Temperature Controller 


New remote-bulb thermostat for pi 
tioning control is designed for applicat 
where the F , 


yperated valve orn 


requirements call for a 1 
damper to be positi 











load variations 
embly are hy 


2-pos! 


in accordance with the 
bulb and bellows ass 
draulically formed. Thermostats for 
tion control (with icting contacts) 
ind for floating control, are also available 
Barber-Colman Co., Rockford, Ill 


Remote 


snap 


Audio Signal Generators 


The audio signal generators are designea 


time saving performance. ‘Th varlo 


features have been selected with the aim 


ike these instruments suitable for acct 





rate ind 1 ipid 
laboratory 


voltage as 


They ar 
applications suppl) 
well as a know! 
frequency at the commonly used impedance 
levels. They are particularly suitable fo! 
isurements because no auxiliar) 
required, and provide an ex 
cellent source of voltage for distortion meas 
urements because their waveform distortior 
smail. The Model 205-A consists of 
a resistance tuned oscillator in combinatior 
with an output meter, attenuator, and an 
impedance matching system. The Medel 
205-AG includes input meter for gain meas 
Hewlett-Packard Company, 481 
Palo Alto, Calif. 


measurement work. 


for general 


ing known 


Sain mit 


ipparatus 1s 


IS very 


urements. 
Page Mill Rd., 











CLARE 


Sy 
& 


% RE LAYS s 
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Individualized to meet your 
specific instrument design 
specifications. 


Clare Relays are available 
in innumerable coil, contact, 
adjustment and timing com- 
binations — accurately made 
of quality material. 


Clare engineers welcome an 
opportunity to assist you in 
your problems. Personal at- 
tention will be given your 
inquiry. 


Write for 


CLARE RELAY 
LITERATURE 


{CUECTAS WECMAMICAL SPECIALTIES) 


¢. P. CLARE & CO. 
LAWRENCE & LAMON AVES. . . . CHICAGO 
15 East 26th St., New York City 








A NEW METHOD OF 
PROTECTING INSULATED WIRES 


Seamless ALUMINUM or COPPER Tub- 
ing is Drawn over the Wire or Wires in 
such a manner that ANY kind of a bend 
can be made and the ends easily 
trimmed. 

Gives Positive Protection to the Wire 
against Corrosion, Acids, Oils, etc. * 
Pliable, Compact, Light in Weight and 
Protects Mechanically like Armor. * 
Produces added Stiffness yet can be 
Bent to shortest Radii. * Outside 
Diameter can be held to close Toler- 
ances and any required wall thickness 
can be made. 


SEND FOR FREE SAMPLES 


PRECISION TUBE CoO. 
Specialists in Accurately drawn Seamless 
ALUMINUM, COPPER and BRASS Tubing in 
the Smaller Sizes. 
204-6-8 OSBORN STREET 
PHILADELPHIA, PA. 














Distortion Analyzer 


The distortion analyzer consists of two 
band elimination filters, one for measure 
ments at 400 cycles and one for measure- 
ments at 5,000 cycles, and a calibrated at 





tenuator. With the voltage to be analyzed 
idjusted to the proper frequency the funda 
mental is eliminated completely. The residual 
voltage containing the harmonics can then 
be observed with an oscilloscope or meas 
ured with a sensitive meter. When the fre 
quency has been adjusted so the fundamen 
tal is eliminated, the elimination filter is 
switched out and a calibrated attenuator is 
introduced. Then the attenuation of the fun- 
damental is increased until the fundamental 
voltage has the same magnitude as the re 
sidual harmonics alone. Further comparison 
can be made by changing the switch back 
and forth.—Hewlett-Packard Co., 481 Page 
Vill Rd., Palo Alto, Calif. 


Photoelectric Colorimeters 

A series of photoelectric turbidimeters 
ind colorimeters is announced, comprising 
four distinct models, each modiflable, per- 


mitting more than twelve different set-ups 
Two models have an external galvanometer 
of the self-contained: lamp-and-scale type 
\nother has mirror-scale type Weston ex- 
ternal galvanometer. Others have built-in 
galvanometers which are likewise of anti 
parallax design. These are completely § self 
contained and portable All are regularly 
supplied for operation on 1160-120-volt 60- 
eyele a.c., but can be supplied in a.ec.-d. 
models, also for other voltages and fre- 
quencies In ill models” the quantitative 
determination is based on the use of two 
photocells in a balanced circuit, thus achiev- 
ing independence of line voltage, cell sensi 
tivity, etc. Special attention is said to have 
been given to elimination of thermal effects 


ind compensation for other common sources 
of errors Optic il design is such that only 
one filter of each type need be used, Sample 


holders, Filters, ete. Announcement lists a 
complete issortment of general-purpose 
types and a wide variety of special-purpose 
types Luxtrol Co., 54 W. 21st St., Neu 
York City 


Photo-relay Units 


Photo-amplifier relay units, In threes 
els, for use on a.c. and d.c. has beer 
oped for the following n 
ind closing doors, turni! f 





t perat bells } } ns 7 
\ l tvpes f ig? i] t tar tor 

clos lves, or run safety devic Other 
ippl tions it countir regulatir 

sorting, and smoke control. Type PR1 relay 
is for se where relatively larg imounts of 
light at ilabl type PR2 (il trated at 
left) for relatively small ints of light 
ind type PR3 for applications where it is 
either impossible or undesirable to use 

separate light source. The light source is 


illustrated at the right. {llied Control Co 
Inc., 227 Fulton St., New York, N. Y. 














A 24-Hour RECORD—giving ac- 
curate and dependable measurements 
so vital to efficient and economical 
operation. 


Hays Combustion Meters employ the 
Orsat principle for measurement of 
CO». Water operated —no moving 
parts—extreme accuracy coupled with 
dependable performance. 


There is a Hays Combustion Meter 
to fit every requirement—remote or 
integral mounting, indicating or re 
cording or both. Write to 925 Eighth 
Avenue, Michigan City, Indiana, for 
free catalog. 


IAYS CORPORATION 


‘ MICHIGAN CITY, INDIANA, USA 








A LABORATORY JOB 
DONE IN THE FIELD 





Hays PORTABLE COMBUSTION TEST SETS 
are equipped to handle an accurate gas an 
alysis—right in the field. 

nstallations become more successfu trouble 
makers are rapidly exposed, guesswork be 
comes a thing of the past 


Test Sets are available with a necessary 
equipment for the analysis for COo, CO, and 
Oo—complete with flue gas thermometer, and 
draft gage. For further particulars—write to 
925 Eighth Avenue, Michigan City, Indiana 
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Four-Range 
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pacitic takes the place of 
tat The Rex four 
he tat } two closely bifilar wound 


Both winding operated by one slider 
f tw wire f identical diameter m 


The resistance material is insulated 
tri treneth at the temperature re 


when the rheostat i fully loaded 
Rheostat Co., 37 W. 20th St., Net 


Tube Tester 


it lL conductance in micromhos. It 


ne rimarily to assist dealers in m 








Rheostats 





that each turn of one winding 
nt le the tur f the other winding 


iter l having different specific ohmic 
ind 


tance ucl is it nickel-copper 
nickel-chrome illoy Therefore the 
tance value of both windings is different 


Fiberg] Which retains” satisfactory 
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Moisture 
Teller 


* 





Rapid and accurate moisture test in per- 
centage by drying. Drying temperature 
controlled by thermostat. Ideal for plant 
moisture control or laboratory moisture 
determinations 

Time required to dry the majority of 
materials is one minute. 

Suitable for granular—fibrous—crystaline 
materials in industries such as: 


Sand —Textile —Tobacco 
Ceramic—Rubber—Food 
Wood—Mining—Leather 


Write for Literature 


Harry W. Dietert Co. 


9330-C Roselawn Avenue 
Detroit, Michigan 











Like tll Hickok tube testers this instru- 
nt test tubes by measuring dynami 








wit nat dia that 
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t} b I ibt in tl 
it | I ine | \ 
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tub et It tests for shorts 
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STEEL 


PANELS 


FALSTROM Precisioned Steel Panels 
are specified by engineers for their 
Strong Construction . . . Adaptability 

Fine Appearance... for use in— 


POWER PLANTS 

OIL REFINERIES 

PUBLIC UTILITIES 
PROCESS INDUSTRIES 
COMMUNICATIONS 


Send blueprints. Write for bulletin P-11 


ALSTRO 


COMPANY oF DASSAIC N. J. 





Program Clocks 


Two new synchronous program cloc 


pperating time signals Type P512 w 

‘ te signal at any five-minute peri 

Type PD124 will operate a= signal 
one n 
period. 1 
clocks | 
large, le 
24-hour 
cam, | 


connecte 
contact 
ride the 
and pet 
contact 
fall only 
preset ti 
reached, T 


units ure 


heavy 
synchron 
motor 
Contact 
rangements 
such that 
curacy 
sured, Cont 





ranged as 
operate i signal either in one ring or 
coded ring, or for a definite duration of 
time, from 2 to 6 seconds. Units are con 
pact and enclosed in dust-proof case. Thess 
clocks can be built to operate for many 
different purposes such as daily siren test 
ing, timing industrial processes, and sign 
ing the start and end operating periods 
Zenith Electric Co., 845 S. Wabash Ave., 
Chicago, Ill 


Electronic Level Control 

Electronic level control Type P30 make 
ivailable a simple electronic relay for level 
control of both conductive and non-condu 
tive fluids and powders. Equipment is ava 


} 





able to meet all specifications includin 
singl level control, on and off control 
two levels, boiler feedwater control ul 
tank condensate signals. Installation merel 


entails attaching a probe fit.ing to the sur 


face of the tank. The equipment includes 1 
mechanical parts 

For two-level control probe fittings 01 
electrodes are attached to the tank at level 
representing the low point where pumping 
starts and the high level where pumpin: 
stops. These probes are wired to the con 
trol. When the liquid level falls below the 
lower probe, the circuit closes which starts 
the pump, and the tank fills. When the level 
rises to the upper probe, the fluid itself acts 
is a conductor of the small amount of cur 
rent required for the operation of the leve 
control. This opens the pump control circuit 

Type P30 can be used with combustibles 
ind is recommended in connection with all 
conductive fluids as well as such insulator 


is: resin, rubber, latex, paraffin, mica, glass 
cement, linseed oil, shellac, mineral oil, wax 
waterglass, lacquer, and thinner. Special 
tank fitting ire available for use in cor 
rosive liquids Photoswitch, Inc., 21 Ches 


nut St., Cambridge, Mass. 

















Piezo-Ray™ 
(A trade name) 
The Best in Electronic 
Equipment for Engine 
Pressures and Vibrations 





THE PIEZO-RAY CABINET FOR 
HOUSING PIEZO-RAY UNITS 


The most complete equipment 
ever offered for studying Diesel 
and gasoline engine pressures, 
torsional, linear, and planar vi- 
brations. 


NEW PIEZO-RAY UNITS 


TYPE IV TORSIONAL VIBRATION 
UNITS 


DUPLEX POLAR DIAGRAM 
AMPLIFIERS 


PLANAR VIBRATION PICKUP UNITS 
ELECTRONIC SWITCHES (RCA) 
DISPLACEMENT METERS 
(Torsional and Linear) 


TYPE I] VIBRATION OUTPUT 
INTEGRATORS 


CEL Type VI Air Flow Indicators, Sin- 
gle and Multiple Stage Fuel Flow In- 
dicators, Single and Multiple Direct 
Pressure Engine Indicators, Magnetic 
Wall Thickness Gages, and other Spe- 
cial Laboratory Instruments are inter- 
nationally used. 


COMMERCIAL 
ENGINEERING LABORATORIES 


Manufacturers of 





j 

Precision Testing Instruments 
SINCE 1912 

| 4612 Woodward Ave. Detroit, Mich. 
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Sequence Timer 


The timer illustrated is widely used when 


it is desirable to have, in one instrument 
the means of controlling the sequence 
luration of all essential actions ir firir 





program, With this timer the firing at each 
end of the furnace is subject to individual 
adjustment by the turning of an extern 

knob. Elapsed firing time is indicated by 


the progress of one hand on the visible dial 
Individual actions, such as the operation of 
valves and dampers are governed by cams 
Which are readily adjusted to the exactly 
desired time for actuation and duration 

Lutomati« Temperature Control Co., Ine., 


>, E. Logan St., Philadelp] ia, Pa 


Piston Ring Wall Pressure 





The Link Piston Ring Checker is designed 
to show the load required to compress 
piston ring to true eylinder bore d 
Yokes are fitted to the weighing-tab I 
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METERS and CONTROL 
for Boiler Room 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage. low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- : 

bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multu-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam. feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 


quantity of granular ma- 





terial is shown on a large 
illuminated counter which 
mav be easily read ata 


distance of 50 feet. 


Control Systems 
Make possible the evervy- 
day operation of equipment for steam 
generation and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 
( mplete Inforr ’ non anv of the above Bailey 


products will be gladly furnished upon re quest. 


ft 


BAILEY METER 
* COMPANY - 





1041] Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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SOLA CONSTA 


to deliver for 








Power Rheostat 


new powel! 





In whict elected resistance Wire 


insulated aluminum cor: 





ity rere 
SeTLLLLL ER a 













FREE 


Catalog 
on request 


vol 


SOLA ELECTRIC CO. 


: The Widest Selection 





depend 


NT VOLTAGE TRANSFORMERS 


even though the incoming 
y j 


voltage var much as thirty percent. Pr 
t le-f they « I 
( t transtormers or pertorm as ail 
t nt now Ss 
nd it level is clearly reflected from. the ee eee 
t le illowing the operator to line — 
t q 1 level, it reflection and the Vase WRITI FOR CATALOG 
! tior th preventing any po ‘ 
bilit parallax error, Only three simple GCV—22 
in lved in using the indicator, 
! it t within ! CO TI 
nad it 1 ipplied complete with a car 
it ( n whict pace i ilso provided 
t t te r i full-si 
Julie P. Frie & Sons, Bal 
( 1 Raltimore, Md 2525 Clybourn 
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of TIMERS and 


Best Quality in 
every Price Range 











Chicago, Hlinois 


















JULES 


20 WEST 


RACINE & CO. 


47» ST., NEW YORK 

















Electrostatic Voltmet 
Static 


be i 


electricity in a 
troublesome 
known chemik il company 
with a G-E 


powder } 
hazard, so 
recently ¢ 
electrostatic volt 


very 





















tests 





electricity 
conveyor belts, motor 


find the extent of the static 


erated on their 





belts, rubber tired trucks, and fron 

walking on floors. In checking the \ 
of a 25-hp. motor, the 20,000-volt t 
oltmeter went off scale observation of 
lischarge spark indicating the presenc« 


approximately 37,000 volts on the V_ b 
Another test indicated that 6000 volts w 
generated simply by walking 
carpet of an office. These preliminary t 
checks in all of 

chemical company’s plants. As a result 
dressings investigated to find ne 
conducting nature that would per 
continuous discharge of accumulated st 
electricity All 
grounding chains, 


icros 


led to more extensive 


were 


trucks were equipped 


various types of flo 


were investigated, and many other cl 
were made to minimize the hazards of 
plosion§ fron static electricity The ¢ 
electrostatic voltmeter used in detectin 


20, 000-volt Instrur 


tatic Is a portable 
designed for both a-c and d-c measure 


of voltage on systems where one 


| 
grounded. Operation is simply a matte 


grounding the cast energizing the 

ource, and making the high-voltage 

nection General Electric Co., Schenect 
VN. } 


Chronograph 


The Multichron, 
mportant 
divided 
purpose ilso 


No. 230/7B |} 
time-recording du 
into fifth 


Style 
forms four 
There is a dial 
for Tinv 


regular 


hour nd minute Wateh dials the 

in th center ure i Tachomete gag 
record mifes per hour speed; the extre 
outer track is a Telemeter dial to ind 


distance of light and sound. The M 
chron is equipped with a 45-minute regi 
The two-button model affords a_ time 


feature, working thus: pressure on one b 
ton will consecutively start, stop and ag 
start sweep-second hand. Pressure on t 
other button brings sweephand back 
zero, The movement parts are rust-resist 
ind thoroughly non-magnetic. This Mul 
cron is for use in aviation, in time-st 


work for 

ible with 
white dial 
,7th St., Neu 


industry, in research, It is ay 
black dial, as shown, or W 
Jules Racine &€ Company, 20 3 


York, N. Y. 














‘or Extremely Close 
‘emperature Control 


— 
y 


OR wo mo 





PO PO thse 








@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
915 Filbert Street “I Philadelphia 


Oldest Thermometer Manufacturer 


in Philadel phia 














LUMETRON 


PHOTOELECTRIC COLORIMETER 
and 


ABRIDGED SPECTROPHOTOMETER 





A light measuring instrument of 
great versatility for all research and 
routine tests involving 


TRANSMISSION 

U. V. ABSORPTION 
FLUORESCENCE 
TURBIDITY 
REFLECTION 


Technical Information Folder 


PHOTOVOLT CORPORATION 


Photocells and Photometers 
10 E. 40th STREET NEW YORK CITY 


Write for 











W ide Plate Brinell 


FOR Permanent Low 


\ Brinell machine for testing wide plat 
it any point without removal from the cor 
veve onsists of a flat base ind cross-rall 


i 





embly 


CONTACT RESISTANCE, wse te 


SHALLCROSS 


ROTARY SELECTOR SWITCH 


supported by four posts. The 





eylinder is mounted on earri lidir 

between tl rails and is mo 1 cross tl 

plate b i small motor perated by pi 

button ntrol. The conve r section rut 

between the posts and that the test 

travel is sufficient to contact the work wit} 

ut al djustment other than movement 

of the operating lever shown on upper right 

1 |} y work-support rail runs betweer 

the con, ? llers slightly b w flusl 

when idle When a test is beir , le thi 

rail is brought into contact with the bott Particularly designed for use with 

side f ‘ ‘ S} 1 movement o T 

_ c the plate, D3 I nt ol the Thermocouple and other instru 

le ! hown t lower right nd tal t} ‘ : 
ment circuits, also to control cu 

load. In ope tion tl plate pas ver tl ; f | | 

rollers th lesi 1 distance ’ i held ir cuits such as found in high exraae 

that position by the work-support rail. Test electrical apparatus. 

ire then 1 cle ross tl idtl ] 

; - ieee rhe pl Made with a very superior ce 

is then released, moved f ward I t tir 

ramic switch plate known as “‘stea 

operation repeated dD Tes Wa sa ; 5 

chine ¢ Grinnell A De 7 tite’, and has eleven solid “fine 
silver contacts and contact arms. 
The average contact resistance in 


Line Voltage Compensator 





this switch is .00075 ohms or less. 
Supplied with more or fewer con 
tacts, with or without stops, short 





The type “LC” Transtat, a volt ing (bridging) or non-shorting 
pensator, is manually operated unit espe , 
cially designed to permit compensatior COST SLIGHTLY MORI BUT 
small variatior n alternatir WORTH MUCH MORE BECAUSI 
rent ircuit \ THEY LAST LONGER, ARI 
fur ! wit 1 MORE ACCURATI 
| tivene I | 
f chang ir Also furnished enclosed—mounted 
power factor, fre- on a beveled bakelite panel with 
quer nd amount etched dial and housed in a cast 
f load, it we! iluminum box. 
sulted tor us wit 
iH ty1 i ur 
equipment ir ! 
taining input t 
constant t ! 
bl bot I nt 
eration w ll r 
dition ! x 
as ng | 
Volta ! b 
Juste ! hy I 
witl t iit inter 
ruption withir 
fraction vol 
t ilu 
rr} new 
ymiper contir isl Ijustat These boxes are also available with 
transfor r-tv] voltage re lator Shallcross No. 531 Switch, employ 
ti 7 ! limited volt ral It 
Bip Bate einige ing brass contacts and phosphorus 
former-tyvi wea granka hey whic har gine oronze contact atm. 
cross t lir nd n uxil vy bu ! 
b t transformer with its secondary wind Write for Switch Bulletin 
ing connected in series with the line. Volt No. 141-HR 
regulated ther side f ent tap in tl 
winding the regulat lement is fed 
the primary winding of the transit S 
thus enabling either a bucking or boosti * 
Seger SHALLCROSS MFG. CO 
ing which is in series with the line, Standart Me . 
types permit full correction range . a 
10% and are available for service in 11 Instruments — Resistors — Switches 
30- and 460-volt, 50- to 60-cycle, circuits 
Senet COLLINGDALE, PA 
service 1S ide in ratings fro Ze Sa { y e 
85 Kva. output {mierican Transfo f Os 
178 £ t St., Newark, N. J 
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Bore I 


hi ir 


tr 


FIELD OF 


nspection Telesc ope 


iment provide clear and de 
h enlarge of t inner 

iT barrels tubir pipe boiler 
I tt hithert in < ble 


BORE INSPECTION TELESCOPE M2125 





s ll holes rack pits, scratches 
! r defects ! readily seer Inspec 
! be 1 le in tube 1 to 4 inche in 
| te na, t n I extensions to a 
leptt 1, feet 
r init of the be inspection tele 
yp ! it inspection of tubing to a 
pt} feet. It consists of an illumi 
natir } i telescope tube ontaining the 
t ! protic ind a removable eyepiece 
xtension tub each 4 feet long, and con 
nir e necessary optic can be added 
t In unit to correspon gly increase 
lepth inspection. As many as four 
t ‘ xtension tubes can be added, giv 
! x um usable depth of 204, feet 
I vl of mnectin the extensions is 
t n t rigig tub Gaertne) 
( »,, 1201 W } ood A Chi 
Radio Set Tester 
I S 9o4, combination dynamic mu 
nduetar type tube tester and 37 
! ips ensitive AC-DC  multi-range 
t test i complete serwce laboratory 
ne mpact unit. It pr ides every fa 
i irate and reliable solutions 
ibe t n of measurement problen 
risir f modern radio (A.M. and F.M.) 
levision, industrial and laboratory practice 
! per it including ranges of 





MEASURE R. P. M. 


without even seeing 
the rotating element 


THE “FRAHM” TACHOMETER 


operates merely by being held against or 
mounted on the machine under test and 
imposes no load. There are no belts, gears 
or electrical connections—simply a set of 
accurately tuned steel reeds which operate 
by resonance. Various ranges from 900 up 
to 30,000 r.p.m. Unique also for measuring 
vibrations per minute. 


Write for descriptive Bulletin 1590-I 


JAMES G. BIDDLE CO. 


ELECTRICAL AND 
SCIENTIFIC 


INSTRUMENTS 


1211-13 ARCH ST. PHILADELPHIA, PA. 





TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Priced From $3950 


Circular on Request. 


CONTINENTAL ELECTRIC CO. 


GENEVA, ILLINOIS 

















6,000 volts AC-DC; 60 microamps. ; 12 a1 
ind 60 megohms. Available in 4 mo 
omplete with batteries and extra high 
oe test leads Precision ipparatus ¢ 
64 Aen ive., Brooklyn, N. Y. 


Materials Testing Machine 


\ 100-ton 


materials 


testing machine 


the following specifications 34 feet his 
21 feet wide and 24% feet from front 
back, The transverse table, one of the lar 
est ever built is 8 feet wide. 

Not only is the machine one of the lar 
est ever built in the United States, as we 
as the world, it is also among the mo 
iccurate, Though it can exert a maximu 
of 700,000 Ibs. pressure, the mechanism ha 
recorded a maximum error of .06¢7, makir 
it one of the most sensitive machines of thi 
type ever built. This machine will finally bi 
installed in a large university laboratory i: 
Russia. Riehle Testing Machine, Americ« 
Vachine « Metals, Inc., East Moline, Ill 












MAKE NO MISTA 




















YOU CAN’T GO WRONG 


Just as Palmer 
cating Thermometers are known everywhere 
for sensitive and accurate Temperature read- 
ings, just so Palmer’s latest products: 
thermometers carry this same 
high quality and you will be amazed at their 
accuracy and sensitive reading. 


(Send for NEW edition No. 300D catalog) 


THE PALMER Co. 


Mfr: 


ing” and “Dial” 


2511 Norwood Ave., Cincinnati, 


Canadian Plant: 


MADE BY PALMER 


“Red-Reading-Mercury” 


Indicating-Recording-Dial Thermometers 


King & George Sts., Toronto 


“Record- 


Norwood, Ohio 


Indi- 


WITH THERMOMETERS 
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Repeat Cycle Timer 


ies 4100 timer (illustrated) will repeat 
cted cycle in any total period when 
nt is supplied to the terminals. Adjust- 
if a split cam offers an infinite choice 





ettings for time-contact-held from 0 to 
of the total cycle. The cam, conveni- 

vy located, is easily adjusted, and has 
ability to retain the setting when the 

er is subjected to vibration. Six ranges 
total time are available with standard 

r trains as follows: (a) 
onds, (b) 1 minute to 16 minutes, (c) 3 
nutes to 48 minutes, (d) 5 minutes to &0 
inutes, (e) 1 hour to 16 hours, (f) 3 hours 
{8 hours. Nineteen steps of total time are 
iilable in each of these standard ranges. 
ear changing is accomplished quickly with- 
it tools and can ordinarily be completed in 
few seconds. Special gears, quickly fur- 
nished, offer a great variety of total cycle 
nges up to 12 months and more. All gears 
cut to provide smooth, reliable operation 
f{utomatre Temperature Control Co., ty 


BE. Logan St., Philadelphia, Pa. 


Gage for Indicating Width 
of Moving Steel Strip 


\ new photoelectric gage gives a con- 


5 seconds to 8&0 


tinuous and accurate indication of varia- 
tions in the width of moving steel strip 
without making contact with the metal 





With the new device, the width of the striy 
n be measured “on the flys it any point 
points in the mill and variations fron 
required width can be accurately trans- 
itted to any number of desired statior 
ich as the control pulpit, ete. Thus while 

strip is moving through the mill 
istments to the edging rolls can be re 
ide by the operator to correct deviations 

from normal width. Although the gage w 
eloped primarily for use on hot-striy 
ills, it can be readily applied to many 

ther industrial jobs involving width con- 

trol of moving strips of material. In oper 

tion, both edges of the strip are followed 
simultaneously by narrow light beams and 
true indication of its width is given regard- 
ss of any sidewise movement of the strip 


ihe movements of the light beams are pho- 
electrically transmitted to indicating in- 
uments General Electric Co 
tady, N. Y. 


Nchenec- 





MAYBE WE CAN HELP YOU! Many pro- 


duction problems are caused by noise and 









vibration. We’ve had long experience with 
noise detection and control in aircraft, re- 
frigerators, automobiles, motors and 
many other products. We're specialists in 
practical acoustic methods and equipment 
for production testing. If you have a prob- 


lem of this kind, tell 
us about it. Why not 


write us today? 


Electrical Research Products Inc. 


76 Varick Street, New York, N. Y. 
A’ Subsidiary of 
Western Electric Company 





A midget 
capacitor 
motor with 

built-in 
speed reducer 


Here’s a new, small, but rugged built- 
in spur gear speed reducer motor, 
designed especially for continuous 
duty on instruments, timing mech- 
anisms, and various control apparatus 


requiring exceptional reliability. 
Available in synchronous or non- 
synchronous capacitor models, in 


speeds from one to 300 rpm and 
torques from 1.3 to 120 inch-ounces. 
The motor develops from 1/750 to 
1/2000 hp, depending upon the type 
of winding used. 


BODINE 


FRACTIONAL H-P 


MOTORS 





~s Se SS SS SB SB SB SS 





1/1500 Hp Continuous Duty 


The Type K motor is not a Oy 
motor. It has no “permanent” mag 
net and no internal switches ot! 
brushes. It has distributed windings 
a high starting torque, 
and can withstand stall 
ing indefinitely. The 
unit is fully enclosed 
to provide complete 


nrotecti 
protection. 


Write for Bulletin 
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Bodine Electric Company , 
244 W. Ohio St., Chicago , 
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Elementary Theory of Automatic 
Temperature Control 


By C. 0. FAIRCHILD 


Director of Research, C. J. Tagliabue Mfg. Co., Brooklyn, N. Y. 








HE subject of automatic temperature regulation is in 
great need of elucidation and simplification at the pres- 
ent time, because the many papers and discussions 
vhich have appeared in recent years have approached it 


from angles which leave it obscure to the new student and 
busy engineer. Some papers have been wholly descriptive 
and others mathematically abstract. The literature on the 
subject is apparently for it is an old field of 
applied physics which is entered occasionally by engineers 
and from many other fields. Often 
ire followed by the publication of notes describing the de 
invented during the visit. One author re 
cently stated that “little has been published relative to the 
and another “the of the 
temperature is at present in the 
anomalous position of having erected a vast practical edifice 
n negligible theoretical foundations.” The theoretical foun- 
lations are so old that they have merged into the landscape 


voluminous 


othe rs 


these entrances 
vice which was 


fundamental principles” science 


automatic regulation of 


and the fundamental principles found in classical texts on 
the sciences have not sifted into the field in generally rec- 


ognizable and useful form. The young engineer can learn only 
with difficulty about the elementary theory from the avail- 
able descriptive essays and ordinarily 


inaccessible patent 
specifications, and, so far as we 


are aware, no analytical 
approach to the subject has been published which could be 
generally useful. Ivanoff’s' excellent essay in which he used 
one of conduction equations in disguised 
form proved, at least, that too rapid mathematical excur- 
sions are apt to lead to erroneous generalities, and the dis- 
cussion which followed his presentation demonstrated the 
futility of his method of approach. Since the expression of 
ideas in mathematical language is the essence of applied 
science and engineering, it is essential that the principles 
of this subject be expressed in mathematical form, but it 
also is essential that mathematical flourishes be avoided. 


Fourier’s heat 


It is particularly desirable to begin the study of this sub- 
ect with the simplest mathematical expressions because the 
theories of heat transfer are more difficult to grasp than, 
for example, those of flow ordinarily involved in the regu- 
lation of the level of a liquid. We shall find it necessary 
presently to confine our treatment strictly to the regulation 
f temperature as a problem essentially different from the 
regulation of anything else, and we are inclined to disagree 
with those authors who are currently attempting to teach 
the subject with the use of hydraulic analogies, and who 
imply that a study of level control is a good approach to 
that of temperature control. For example, Mason? suggests 
that a study of control of the level of a liquid in the con- 
tinuous process may be universally applicable in the study 
f automatic regulation, including temperature, failing to 
note that the analogy converts to temperature control, not 
of the continuous, but of the batch process; he also fails to 
distinguish between the two processes. The conversion re- 
sults from the substitution of the flow of heat for the ‘tow 
of a liquid. For a study of the thermal processing of liquids 
where the heat is transferred principally by convection, 
are available theories based on the analogies of fluid 
flow and heat transfer,’ 


there 
but it would seem advisable to han- 
dle the problems of conduction and radiation in a conven 





tional manner. 

*Presented before the Symposium on “Temperature, its Measure- 

ent and Control in Science and Industry,” American Institute of 
P j New \ k City, Nov. 2-4, 1939 

\. Ivanoff. Theoretical Foundations of the Automatic Regula- 
tion of Temperature. Journal of The Institute of Fuel, Vol. 7, No. 
33, Feb., 1934, pages 117-130. Discussion: pages 130-138. 

2c, J Mason, Quantitative Analysis of Process Lags. Trans- 
actions A.S.M.E., Vol. 60, No. 4, May 1938, pages 327-334. 
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The first principles of automatic control are best deri 
from a study of so-called throttling control, in which 
heat supply is maintained at some intermediate value, 
example, by a partly open valve. A better name for t! 
method of control would perhaps be corresponding cont 
because for every temperature within the throttling zone 
the controller there is a corresponding position of the val 
It seems that in spite of the fact that volumes have be 
written and hundreds of patents issued on this method 
control, there remains unavailable, so far as the writer 
aware, any simple exposition of the fundamental concept 
which should be identified with it. Most writers are pron 
to plunge into the general subject with vague expressi« 
of the first principles, or omission of reference to them : 
too elementary to consider, while most inventors pay litt 
attention to the fully-developed theories of heat transfe: 
and damped periodic motion, confining their attention for 
the most part to the invention of various means for “beat 
ing’”’ physical laws. 
control is that the con 
corrects for a change in temperature, 
that is, if the temperature departs from the selected control 
point, the controller acts to restore it. 


Probably the first principle of 
troller combats or 


The second principle depends on the fact that tempera 
ture is always controlled indirectly, generally by controlling 
the rate of supply of heat according to the variations ir 
temperature, thus leaving the load or heat demand an inde 
pendent variable. Hence, the result of controller action de 
pends not only on the characteristics of the controller, but 
on those of the plant} being controlled, including indepen 
dent variations in load. 

The third principle is (in corresponding control) that a 
permanent change in demand for heat can be corrected only 
partly and only with an accompanying permanent change 
in temperature in the opposite sense. Thus if the demand 
decreases the temperature remains higher than the selected 
control point in order that the heat input may be main- 
tained at a lower rate. This departure of the temperature 
from the control point may be called the “load error.” A 
similar departure may result also from a permanent change 
in the potential of heat supply, for example, the pressure 
of fuel gas or the voltage of electric supply, but in this case 
the error is in the same sense as the change in potential 


While the load error can be kept small by designing this 
controller so that its corrective action is relatively large, 
the error will remain real although it may be reduced to a 
negligible value. 

The idea of the characteristic of sensitivity is old, and it 
has long been recognized that as the throttling zone of a 
controller is narrowed, that is, for example, a valve is made 
to move to its limits for a smaller range of variations in 
temperature, the controller appears to be more sensitive and 
corrects the better for changes in temperature, to the point 
where it may be so sensitive that it imposes maintained 
oscillations upon the plant—it is said to “hunt.” It is essen- 
tial then to be able to define sensitivity with some degree of 
-xactness. 


tIn this article, “plant” signifies what is often called “the appli- 
cation the heat processing unit to which the controller is applied 
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THE STEADY STATE ) is dimensionless, and that s in these equations is revealed 


Vith these elementary principles in mind, we shall first is the sensitivity of the controller in a commonly-accepted 
ly the steady state of heat transfer. meaning of sensitivity. 

uppose that in a plant having a corresponding controlle1 A simple equation in 4, L showing how the temperature 
iched to it, the temperature is temporarily remaining if the controlled plant varies with L is obtained by con 


stant because the demand and supply are at the moment __ bining equations 2 and 6: 
1 steady. Let us move the indicator or measuring element 
the controller an infinitesimal amount d@, thus changing 
heat input an amount dq, and hold the element forcibly 
hand in this new position until the temperature has be- 
1e steady at a new value. Now if the element is suddenly Differentiating, and dividing by equation 
eased it will move in the opposite direction from the way . 
were holding it to a position differing from the original ] 
e by an amount —(d@)., the minus sign indicating the = a. S 
mary function of the controller to combat a change. The U U res 4 
ation between d@ and (d4). is simply 


This equation states that the fractional chang nm te 
(d0), = — sd | perature, or load error d# (4-60), or simply d#/4 where 6 
is large compared to 6), of a corresponding cont er of 
: : sensitivity s controlling a continuous process, is 1/ ¢ 1) 
ere s is a constant of proportionality. times the opposite fractional change dL/L in the id. J 
The change (d4).* resulted from a change dq in the heat example, if s is equal to 19, a 20° change ir id results i 
put. Now, if s is to be truly a constant, so that equation a 1% change in temperature. Equation 8 in this dimer 
is to hold for all values of load and positions of the con- sionless form will be found useful, f tne issumpt 
roller, then the controller must be so designed that dq will made in the simple derivation are only slightly restrictive 


vary according to the relation between q and 4 in the uncon- The so-called batch process mav be regarded 
trolled plant- uncontrolled because during the test just de- ent state of theoretical development as on ! ch the 


scribed the controller is prevented (held) from functioning. heat input is equal to the heat lost, this loss being a fui 
In the continuous process, assuming that the heat lost is tion of temperature. We shall select the case i ( it 
small compared with the total required, the temperature of s being supplied in fuel form from an uncont 
; . . ] P 2 : 1: 1 ? , Ae bile } i A l ( i iit La i 
ne ! ; é " acc *( ly Oo the equi 10n * 1 1 } 
the uncontrolled plant varies according to the equation: pressure p, through a valve having a cont met wink 
opening A, and assume that the heat supply is } portiona 
q = Lie A 2 to Ap, as a sufficient approximation. We might have s¢ 
oy cted, on the other hand, electric heating th ¢ t ible 
current at an uncontrolled voltage. for the esent 1 
rnere # Rs ‘eTere ye » ys ‘e } $ 
wher is a reference temperature. pose it will be sufficient to write, without ent 
At any constant value of ZL at which the holding test is tions, that 
made: 
| bp Y {) 
dq g dé 9 
i for the equation of the uncontrolled plant, that is, the 
and from equation 1: ror the equation o the unc ‘ i 
tion of the control vaive remains at tnat cor} 
dq -Lsdé ; } constant opening, of area A,, and the heat supply 
q 1 p. In equation 9, » is a constant usua ess than 2 
ividi j : > a8 1 . , Suppose however that we propose to manipulate the ¢ 
Dividing equation 4 by equation 2 eliminates the variable L, Se ; 
troller by hand as we did to demonstrate the action of the 
and we get: lin, 
controlier on the continuous process, thus alte | r 
dq q = — <9 (0 A ; 5 p remains constant at p,. Then for the equat f t 
“manipulated” plant we hav 
and integrating: 
; y } 7) 
G— &% I: q ; : 6 Ly 
1 . , . While the temperature of the plant 
his equation may be called the static equation of acon-  ,..4, Jet us move the indicat meas 


troller designed to have the constant sensitivity s when ap- 
plied to control a continuous process. It states that the heat 
input is corrected proportionally to the s power of the tem- 


infinitesimal amount dé, thus changing e hea npu 


amount proportional to p.dA, and hold the element forcibly 


perature, or, referring to the differential form, equation 5, by 5, al . ba" oe% ort — ‘a a ao " SIPC LAGU salplels 
1 fractional change in temperature under constant load re- 9 6°" = ~ = av 7a Huge wa Papers 
sults in a fractional change in heat input of times as ptherees “ee Preprnthagod che 1) : ee 
much in the opposite sense. Note that each side of equation ee ; ' . ; 
4 and (d@). could be represente equ : 
[his is s Ivanoft’s “pot ease the thern 1d ( Ss ef ~ 
DEFINITIONS OF SYMBOLS } pressure, variable 4 1 s( 
1 = area, variable p pressure, constant } = temperatur 5 
A, = area, constant Q = volume rate of flow fror fi 
thermal diffusivity q = heat input, e.g. watts, or Btu ; A ot = ) ale 
c = specific heat per second eratul 
k = conductivity only in « k/ep q amplitude of q amplitud 
L = thermal load, e.g. lbs. per second R resistance to flow 
times average specific heat o = density 4 amplitud 
N wave-length s sensitivity, see text velocit 
In = abbreviation for log. an apparent sensitivit V = volume 
n, k, ky, ete., a, constants t time variable distance 














changed with the temperature, and we shall write the re- 


lation 


d6),, sd6 en aa 10) 


where, comparing it with equation 1, is the apparent sen- 


sitivity. From 9 
pA Iron d6), 11) 
and from 10: 
p df Ieons'@"— dé oe 
and from 9 
dA/A ns'dé 6 12 
and integrating: 
f ky/ A 1S 
r putting 7s 
A ky/ A 14 


Equation 13 may be called the static equation of a corre 
sponding controller designed to have the constant sensitivity 
ns’ = s when applied to control a batch process. It states 
that the heat input is corrected proportionally to the ns’ 
power of the temperature, or, referring to equation 12, a 
fractional change in temperature results in a fractional 
change of heat input of ns’ times as much, in the opposite 


sense. 
Referring again to equations 9 and 9’, we may write 
Ap kg". LS 
for the equation of the controlled plant where, from equa 
tion 13: 
{ Ie, ans 16 
or, combining 15 and 16 
yp 6 eG 17 
oO! i" i, p Is 
dé l dl } | d } 
and = I I 19 
7 WS + i] p N + nN p 
The effects of self-regulation? are seen in the factor 


n of equation 19 in place of 1 in equation 8, and the 
factor s’, equal to s/n in equation 10 in place of 
tion 1. is used to describe 
the retarding effect of the change in heat lost that accom- 
panies a change in temperature. For example, if the pres 
sure of fuel supply to an uncontrolled batch process rises, 
the temperature will rise, but this will result in an increase 
in heat lost, which will in turn tend to prevent the rise in 
The effect is negligible in the continuous 


in equa- 


The expression “self-regulation” 


temperature. 
process. 
Equation 19 states that the frac 
tional change in temperature or heat-potential error dé /6 
of a corresponding controller of sensitivity s applied to a 
batch process is 1/(s + n) times the fractional change dp/p 
in the heat potential. The equation, likewise equations 12 
and 13 will be used cautiously for drawing conclusions. 


(compare equation 3) 


Before passing on to a study of the varying state, we 
should like to make a few observations that may be of in 


terest to those readers who are familiar with the general 


aw Trinks, Governors and the Governing of Prime Movers, 


Chap. XV, D. Van Nostrand C« New York, 1919 
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subject, and in particular, those who have been follow: 
the contributions by the A.S.M.E. Committee on Indust? 
Instruments and Regulators. A static equation of a “c 
responding” regulator including s, the sensitivity, as a c 
stant must take a form similar to equation 6 for the ec 
tinuous That is, it must be built up aft 
eliminating the expression for the load, otherwise s will 1 
be constant but will vary with load or demand. Not or 
does the choice of these equations offer a more readily wu 
derstandable starting point in a study of temperature co 
trol, but, so far as we know, they have made it possible fi 
the first time to derive simple expressions for load erro 
These expressions are simple, because fundamentally an e 
pression for load error can be simple only if based on a 
equation in which gs is truly a constant. Thus if s vari 
with load, then an expression for the load error will involy 


process. 
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Corresponding Control of the Continuous Process. Un- 
Temperature Wave. Equations 20 and following. 


load as a variable, and the simplest expression must be lim 
ited to a specified load, or, what is the same thing, a speci 
fied position of the regulator in regard to the limits of the 
throttling zone, e.g. half-way between the limits.5 However 
we do not propose to use the above equations for a study 
of dynamic conditions, their combination 
harmonic functions would lead to cumbersome forms. 


because with 


THE VARYING STATE 

Our first consideration in beginning a study of the dy 
namic characteristics of a controller or its combination with 
the plant, is to select conditions which will teach us the 
most in the simplest way. Some authors begin with the 
selection of a standard disturbance. There are a number of 
objections to this method of approach. (1) The mathematics 
is needlessly complicated, no matter what form is assigned 
to the disturbance. (2) Temperature waves from the heat 
source to the thermometer travel so slowly that there are 
no inertia effects of appreciable magnitude in the controllet 
or any of its parts, that must be studied, in order to learn 
will respond to the disturbance. (3) 
Theoretically, it may be considered as a fault in design if a 
controller does not respond to a disturbance properly when 
it is adjusted as to sensitivity and damping at the preferred 
values. For example, excessive damping may be required to 
counteract the deleterious effect of an excessive dead zone, 
making it necessary to release the damping when a strong 
disturbance arises. 


how the controller 


Let us begin, then, with the oscillating condition. 

A fourth simple principle of automatic temperature con- 
trol is that oscillation or hunting will persist only if each 
successive wave of temperature reaching the thermometer 
is at least as large as its predecessor, and if successive 

*Ivanoff used a square wave as his standard disturbance, repre- 
sented by a Fourier's and did not use a harmonic oscillation 
for the standard, as stated in a recent contribution to the A.S.M.LE. 
committee mentioned above, but he did begin with the oscillating 
condition. 

Cc. E. Mason & G. A. Philbrick. Automatic Control in the Pres- 
ence of Proce Lags. Transactions A.S.M.E., Vol. 62, No. 4, May 
1940, pages 295-304. Discussion: pages 305-308. 
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ves decrease they will die out, and there will be found a 
nping force somewhere in the system. The combination 
controller and plant may be regarded as two oscillating 
its centered at the valve and the thermometer, like two 
inging pendulums joined with a spring and a dashpot, 
hough the likeness is remote and we will not be concerned 
th it further.® 
Referring to Fig. 1, suppose that water to be heated is 
wing at constant velocity in the pipe from valve to ther 
ometer, that heat enters at the valve, and that the posi- 
m of the valve is made to correspond with the tempera- 
ire of the thermometer, by means of a “follow-up” linking 
e two. We shall assume for the moment that there is no 
ig of the thermometer, no damping device in the follow-up 
the valve moves in instant response to the thermometer), 
id no heat lost from the water between the valve and the 
.ermometer. If now we find the controller hunting, then 
ef. equation 6), when the thermometer is at its highest 
int of swing corresponding to the crest of a temperature 
vave, the valve is at its smallest opening corresponding to 
the trough of the wave which will presently reach the ther- 
mometer, and a sensitivity of unity is just sufficient to main 
tain hunting. Such a sensitivity maintains each successive 
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Fig. 2. Corresponding Control of the Continuous Process. Un- 
28 


damped Temperature Wave. Damped Regulator. Equations 27 and 
following. 


wave at a constant amplitude, according to the definition 
of sensitivity. Our controller now has the poor characteristic 
of large load error, in fact equal to 142 the change in load 
(equation 8), and hence the sensitivity must not be reduced 
to stop hunting. On the other hand the sensitivity should 
be increased while some other means is found to stop hunt 
ing. There are unavoidable damping forces in any real case, 
such as attenuation of the temperature wave as it passes 
through the wall of the thermometer inclosure, accompanied 
in this case, unfortunately, by delay in response of the 
thermometer. However this single effect may permit the use 
of sensitivities well above unity for the continuous proc- 
esses. Still higher sensitivities are made possible through 
the use of various damping devices at the valve or in the 
follow-up system. Any of these should avoid, of course, the 
imposition of any time delay in excess of that correspond- 
ing to the damping action. 

Referring again to Fig. 1 and assuming as before that 
there is no lag at the thermometer, no heat lost between the 
valve and the thermometer, and no damping device used in 
the “follow-up,” sustained temperature waves starting at 
the valve and passing the thermometer can be represented 
by the well known equation: 


6 = @,,cos2nx (t T—2rX), or 20 


in which @ is the departure of the temperature from a fixed 
value. This equation defines § for all values of ¢ and x, a 
Stationary wave being defined for any time t; and the oscil- 


6J. H. Morecroft. Principles of Radio Communication, Third edi- 
tion. John Wiley & Sons, New York, 1933. Pages 264 and following. 


lations about any point r;. Putting @ = 4» in the plane 
x 0: 


6 A cos(2rt 7 21) 
For small variations sO Go. and Wws= i, 
6.cos(2art T 6,,cos(2rt 7 TT 22 
where #, is now the value of 4 in the plane » l 
From 20 putting x XL, and 22, 
ru, A rand . rN /2 (23) 


The thermometer is one-half wave length from the valve 


t =—2ai./T. T= 2xu/1 


The velocity of the wave is 

It is apparent without proof that the velocity of the tem 
perature wave is the same as the velocity of the stream of 
liquid, and that in this case the period T is twice the time 
lag x, /v. 

If s is less than 1, then each successive wave is smaller 
than the preceding one, and the train of damped waves is 


represented by 


4 6 ek costa (t T CTA 24 
where } 2x, as before. 
‘ad a” é é XS 25 


The so-called logarithmic decrement, or log of the ratio of 


succeeding crests (a full wave length apart), is 
k: 2 Ins 26 
Referring now to Fig. 2, let us suppose that there is inter 
posed, between the thermometer and the valve, a damping 
device consisting of a compressed air line and tank, the 
line having a resistance to flow. For our present purpose we 
may write, 


() p R 07 


where Q is volume rate of flow of air in the connecting line, 
resulting from a departure p in pressure from a fixed value, 
and R is the resistance to flow. Also, for small departures, as 


before, 


taking the constant of proportionality as unity 
If the position of the valve is determined by the pressure 
in the tank, then, 


de ( H \ i 
= é : -—' cos 2rit 7 ria »g 
dt | RI RI 
” 30 370 , 
( - lt sin ar { ! \ 30 
- 2 RI 


Then, 2mr, A wi, il rN 4, $1) 
1 
and . . $2 
} 2rL, RI 
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the ratio of the amplitude at « — 0 to that at x = a1. 
The equation of the damped wave is: 


In this case the period T tr./v or four times the time 
ig hatever the degree of damping determined by the sen 
sitivity s, the capacity V of the tank, and the resistance R 
to flow of air, provided that the damping is small enough to 
permit decaying oscillations following a disturbance. For ex 
imple, relatively rapid recovery will result if the first over 
ving is 10% of the departure, and the second or return 


Commercial controllers are equipped with 
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Fig. 3. Corresponding Control with Attenuation of Temperature 
Damp Temperature Wave. Equations 35 and following 
means for adjusting sensitivity and damping, and for this 


analysis beyond this point is of in- 
interest 
lies in the observation that damping permits the use of high 
sensitivity, which results in small errors caused by changes 
in load. 
Delayed 
hence we come to a fifth principle, that high sensitivity made 
controller 
is incompatible per se with quick response of the controller 


reason extension of the 


terest mainly to the instrument designer. General 


response accompanies damping of a controller, 


possible for the continuous process by damping the 
to a disturbance. It is possible, of course, to incorporate in 


the controller a damping release functions when a 
selected value of the rate of disturbance is exceeded. Such a 


which 


device will result in overshooting the control point by a large 
amount following the first return from the disturbance, and 
under extremely unsteady conditions to be controlled the re« 
leasing device 


may function so frequently that no effective 


damping remains. 

The time lag met as il 
ated in Fig. 1, attenuation of the 
emperature wave presents one of the more difficult problems 
before further 
continuous process, we shall proceed to the 


with in the continuous processes, 


lust 


unaccompanied by any 


in temperature control. However, discussing 


the case of the 
consideration of the case of temperature attenuation met in 
heat conduction, particularly in the heat treatment of solid 
as the annealing of metals and alloys. The first 
are learned from the study of heat conduction 
solids, the simplest case of this being linear flow of 


cha rges suc] 


principles 


that 
is, Maintaining a train of temperature waves traveling from 
to the thermometer. Referring to Fig. 3, the 
thermometer within the solid conductor is connected by an 
undamped follow up device to the heat ; 
plane face. An experimental approximation to this arrange- 
ment furnishes the observation that the variation of tem 
perature of the heated face closely follows a simple harmonic 


gain let us suppose that the controller is hunting, 


the heat source 


source covering the 
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function of time, and the train of waves traversing the s: 
may be represented by the classical equation, in the n 
convenient form we have found:?* 
Qnt T ry (ral) 

where q is thermal diffusivity. If there is no lag of the th: 
mometer at distance x, from the source and no delay 


the “follow-up” then, as before, for the corresponding ec 
troller, 
t N/2 V (ral 5 


35 with equation 20 or 24. 


A/2 is 


by comparison of equation 


The amplitude at «= 0 is @,,, and at 2, 


A’. Orv (TaD) /2 0% ; 37 


The ratio of 9’, to 6. is « that is, the wave is attenuated 
at the thermometer to 1/23.1 of its amplitude at the sources 
hence in this case an undamped controller must have a sen 
sitivity of 23.1 to be able to maintain the oscillations. In 
real case, the thermal capacity of the heating element wil 
introduce further powerful damping, and with a controlle 
of negligible dead zone, sensitivities of over 100 are required 
to maintain hunting. 

Further study of these equations leads to interesting r¢ 
sults. The time 7'/2 required for the wave to travel from the 
is found from equation 36 to bi 


source to the thermomete1 


[2 rv? /2ra 838 


Putting a: equal to 1 em., the time lags for a few sub 
stances having different diffusivities, a, are given in Table 1: 


TABLE 1 


Substance a t( sec. ) 
LOS eee 0.005 32 
he Te 0.01 16 
eee a ke 0.1 1.6 
CC ee 0.16 l 
AlNmMInEM .<....« OB 0.2 
Copper See era er eres Fe 0.15 
AE eee eo teycets a 0.09 


According to equation 38 the lag depends only on the 
thickness of the plate and the diffusivity of the material, and 
not on the amplitude of the wave. Thus, again, the period 
f oscillation of the controller is independent of the sensi 


tivity, assuming that the dead zone is negligible. 
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ind Real Source. Equations 39 and following 


In Fig. 4, the heating element or source has a thermal 
capacity cM, and may be an electrical resistor or strongly 
stirred bath against the surface of the solid conductor. If 
r and t are measured as before, then equation 35 can repre- 











he 


PK 


d 
d 





the temperature wave in the solid, and we must next 
ermine the phase relation between §» at the surface and 
the controlled input. 


65 = 0,,cos2nt/T . . . (39 


d0o/dt = q/eM = — 276,/T - sin (2rt/T 40) 


= 276,,/T - cos [ (Qrt/T) + 2/2] 


hat is, when #9 is a maximum q has been positive and is 
assing through zero. When q thus leading 49 by one-quarter 
eriod and leading 6, at the thermometer by one-half period, 
hen the thermometer finds itself at one-quarter wave-length 
rom the surface of the solid and T = 42x,/v, or four times 
1e time lag between the temperature of the source and that 
f the thermometer. 
teferring to equations 36 and 37, in the present case: 


6! =f er, TiaT)/4 — 6.e7 2 = bn LS ; (4] 


that is, the wave is attenuated to 1/4.8 of its initial value, 
whatever the value of the sensitivity of the controller, 
capacity of the source, or properties of the solid. But this 
does not determine the minimum sensitivity required to 
maintain oscillations. 

Noting that this case resembles the so-called batch process 
and referring to equations 13 and following, we may write, 
for small oscillations: 


0,=—kq . . _ (42 

and GP = kts . ; (43) 
From equation 40: 

q = 2ncMO,,/T : cos [| (2nt/T) + 2/2] b4 

and Gm = @acMO,,/T . 45) 


Substituting for qm from equation 43: 


36’ ke = 2xrcMO,,/T : £6 ) 
and from 41 

30’ _/ke = 9.6 rceMO’,,/T 17 ) 
or s = k7M/T , tS) 
and from 36 s=ksacM/x? . . . 19) 


In conducting the analysis of the last case toward equa- 
tions 48 and 49, it has been our purpose to show why, in 
the so-called batch process, the sensitivity can take high 
values, even in a controller having no damping arrange- 
ment. The analysis applies also to those continuous processes 
in which the load, or “through-put,” of processed material 
is small compared thermally with the heat loss. Examples 
of such continuous processes are (1) manufacture of rubber 
filaments, (2) continuous heat treatment of steel wire, and 
(3) tunnel kiln processes for the slow firing of ceramic ma 
terials. 

The last few equations including 41 show that the atten 
uation of a temperature wave through the protection tube 
of a thermocouple in a furnace or liquid bath may be as 
much as 80%. Thus the oscillations of the temperature of 
the outer surface of the tube may be some five times as 
great as the indicated oscillations. 

We have, so far, treated a limited number of typical cases 
of automatic temperature control, but believe that we have 
demonstrated a new treatment which not only is relatively 
easily understood, but affords useful results reasonably ap- 
proximating real cases. We believe also that the correspond- 
ing method of control] stands out as the most important and 


most widely used, (possibly second only to ‘“‘on-and-off” con 
trol) and that a study of the one method suffices for learn 
ing the fundamentals. In passing, a little consideration 
shows that in on-and-off control, the thermometer will 
generally find itself one-quarter wave-length from the 
source, and not one-half wave, as Ivanoff! considered by 
assuming a square wave, i.e. no capacity effect that is not 
accompanied by attenuation. Our treatment is not generally 
in disagreement with the descriptive method of Bristol and 
Peters‘ nor with those authors who would stress the special 
hydraulic problems accompanying the use of a valve to con 
trol flow against varying back-pressures or resistances. It 
is admitted without argument that there may be a deal of 
engineering required for solving many of the problems in 
industrial process control. We are concerned here with the 
physics of the problems, not the mechanical design of plant, 
instruments or accessories. Possibly more has been written 
about the mechanical design of governors, or speed regu 
lators, than about the physics of automatic temperature 
control, and the former should not be confused with the 
latter. 

Nearly all problems in temperature control that are 
solved, have been solved experimentally, both in regard to 
the construction or selection of control equipment on an ex 
perimental basis, and the adjustment of the trial instru 
ments as to sensitivity, damping, speed of automatic reset,® 
response to change of load or control point, and variations 
of these factors under different conditions. An analytical 
method of study of the theories of automatic temperature 
control will make for more intelligent judgment in adjust 
ing a controller, but we would hesitate to try to solve a 
problem in advance of the practical trial to the point that 
prescribed values of the many variables involved could be 
set down with nicety. A practica! difficulty is met, for ex 
ample, in the generally unavoidable dead-zone of a control 
ler. We have not avoided mathematical treatment of the 
dead zone because of indolence but of indifference. It should 
generally be regarded as an imperfection, to be made as 
small as possible. 

An ideal controller for experimental study of the theory 
is one incorporating the Gouy principle” because it fw 
nishes “corresponding” control, has no dead zone whatever, 
and makes possible the selection of sensitivities of exceed 
ingly high values. It has been found to be the most satisfac 
tory device for precision control in the laboratory by 
Sligh!®, other members of the staff of the National Bureau 
of Standards, Roebuck'', and many metallurgists who are 
in charge of creep tests. Our treatment of corresponding 
control is well adapted to a study of the Gouy principle o1 
of a controller utilizing it. The sensitivity, as we have used 
the term, and with a meaning which is acceptable to many 
others, is inversely proportional to the stroke of the Gouy 
oscillator, which determines the limits of the throttling 
zone, and the sensitivity is made constant by imparting to 
the oscillator a motion in accordance with equation 6. The 
sensitivity can be expressed also as inversely proportional 
to the velocity of the oscillator at any part of its stroke, 
and the period of oscillation is made short enough not t 
enter into the analysis. 


'E. S. Bristol & J. C. Peters. Some Fundamental Consideratior 
in the Application of Automatic Control to Continuous P1 
Transactions A.S.M.E., Vol. 60, No. &, Ne 19 page 641-¢ 
Discussion: Transactions A.S.M.E., Vol. 61, No. 4, May 1939, x 


358-363. 
SCompare re ferences 1 and 





9C, O. Fairchild. Note on the Throttling of Electric Heat. I 
ments, Vol. 10, Dec. 1937, pages 305, 317 

10T. S. Sligh, Jr. Some Characteristics of t G TI 
lator. Journal Am. Chemical Society, Vol. 42 Jar 1920, pa 
60-68, 

1J. R. Roebuck. A Sensitive Flexible Thermostat. Revie of 
Scientific Instruments, Vol s, 1932, pages 93-100 

2Schack, Goldschmidt and Partridge, Industrial Heat Trar 
John Wilev & Sons, New York, 1933. Note that in our ana sis, 
the velocity of the train of wa s is determined b ind nd 
that our equation 38 supersedes Schack’s equation 122 

’ E. Byerly. Elementary Treatise on Fourier Serie Ginn & 
Co., New York, 1893 

Ingersoll & Zobel. Theory of Heat Conduction, Ginn & C New 
York, 1913 (out of print) 

F bibliography on regulation see publicatior b A.S.MLI 
cor referred to in reference 3, and on heat transfer s¢ ref 
e! also W. H. McAdams, Heat Transmission, McGraw-Hill 
(1933), and Journals of Am. Soc. Heat. & Vent. Engrs. and of Ar 


Soc. Refrig. Engrs. 
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Third instalment of new and completely revised dition of Temperature Measurement and 
Control The subject of pyrometry will be concluded with Optical Pyrometers, Pyrometric Cones, 
Miscellaneous Pyrometers, et in the December instalment which will also include continuation 
f Tem} ture Control Principles and Modes of Control 
By M. F. BEHAR 
CHAPTER X According to the Standard Dictionary of the Englis 


RADIATION PYROMETRY 


(NON-SELECTIVE EMISSION AND RECEPTION ) 


1. Radiation” —in Quotation Marks. 


At the time that the Thirteen Colonies decided to form 
a new nation, there were high-temperature industries. 
There were measurement-minded engineers. Among the 


scientists there were physicists who took interest in the 
problems of ceramic and metallurgical industries. Thus, 
even in those days, numerous men appreciated the need of 
measuring the temperatures inside kilns and furnaces from 
the installed thermometers nea} 


outside, 


Experimenters 
peep-holes—with lenses, mirrors, tubes, diaphragms, etc. 
in attempts to find an arrangement whereby the furnace 
temperature could be unmistakably read on a thermometet 
not exposed to destructive conditions. 

All these attempts failed. 

But the 
device of 


modern radiation essentially—a 
just that kind: a thermometer with an arrange- 
ment of lenses, mirrors, tubes, diaphragms, etc. 

It is not improbable that one of the first experimental 
ups, of our great-great-great-grandfathers 
tried out and discarded, could be made to work today. Cer- 
tain old flying machines which could not fly when they were 
built can be flown today. Reason: better knowledge of the 
basic laws of aerodynamics. So it is with radiation pyrom- 
etry. As a matter of fact, this comparison does not do 
justice to the physicists who have derived and formulated 
the radiation laws, for there are no more important gaps 
to be filled, whereas aeronautical science—in 


pyrometer 1S 


set which one 


comparison 
is like Swiss cheese. 


It may even be said that all gaps have been filled in the 


formulation of the basic radiation laws—the laws which 
describe in mathematical terms the behavior of the ideal 
emitter and of the ideal pyrometer receiver. (Attaining 


fifth-decimal accuracy is a matter of refinement of prac- 
tice; the basic laws stand intact; only the values of the 
“constants” are revised.) Moreover, the collateral knowledge 
of the behavior of non-ideal emitters and non-ideal pyrom- 
eter receivers is so exact, the amount of this knowledge is 
so great, and in recent years it has been so well organized 
that almost any hasty makeshift of ‘a blackened thermom- 
eter in front of a furnace peep-hole” could be calibrated. 
This is important because in practice we never find ideal 
‘mitters and we can’t buy ideal receivers. We never meet 
‘total radiation” in industrial processes and many of the 
supposedly non-selective pyrometers we use in industry are 
with regard to total radiation than 
selective with regard to 


more selective 
optical pyrometers 
radiation. 

(Unbelievable? Nevertheless demonstrable: Many radia- 
tion pyrometers on the industrial market are more selective 
with regard to total radiation than some optical pyrometers 
are selective with regard to luminous fiux. But it doesn’t 
matter much, as we shall see.) 


some 


are visible 


Before discussing radiation pyrometers it is well to take 
up briefly the subject of radiation pyrometry, but in order 
to open that subject it is necessary to take up the words 
Radiation, Thermal Radiation, Radiant Energy, etc. Other- 


wise, even the tabloid presentation of Figs. 1 and 2 would 
not convey the right ideas. (But Figs. 1 to 5 have been 
drawn for visually-minded readers who will skim through 
the text anyway.) 
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Language (1938 edition) radiation is: “1. The act of rad 
ating, or the state of being radiated; emission ‘or divers 
ence, as of rays in all directions possible from a commo 
source or center. 2. Physics. (1) The transference of energ 
in straight lines through regions not occupied by ordinar 
matter or through matter which is not affected by th 
transmission: opposed to conduction. (2) Energy in proces 
of such transmission; radiant energy; especially, light an 
radiant heat.” 


In Van Nostrand’s Scientific Encyclopedia (1938), th 
reader looking up “Radiation” is told to look under tw 
titles: “Electromagnetic Radiation” and “Thermal Radia 


tion.”’ The first of the two brief articles explains Maxwell’s 
wave theory of light, gives “types” 


from gamma rays t 
Hertzian radiation 


and ends with a reference to the sec 
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Fig. 1 


not at absolute zero emit radiation excited by the thermal 
agitation of their atoms or molecules. This thermal 
radiation ranges in wave-length from the longest infrared 
to the shortest ultraviolet rays. ...’ (Thus, although treat- 
ing the two subjects separately, this authority implies that 
thermal radiation is in no wise different from electromag 
netic radiation.) 

In the latest (14th ed.) Encyclopedia Britannica there 
is a long (4200 words) and highly informative article by 
Andrade entitled “RADIATION, RAYS.” The famous English 
scientist states: We might distinguish between the 
two classes by agreeing to confine the term radiation to 
electromagnetic waves, and to restrict the term rays to 
streams of particles, but while a tendency in this direction 
is traceable it is by no means correct to represent this con- 
vention as one invariably used by the experts. In a 
previous edition of the Encyclopaedia electromagnetic radi- 
ation was dealt with, in different aspects, both under the 
heading RADIATION and under the heading RAY.’ 

Chambers’s Technical Dictionary (1940) has: “radiant 
heat (Phys.) Heat communicated to a body by radiation 
(q.v.)” Also: “radiation (Phys.). Energy emitted in the 
form of electromagnetic waves. These include, in order of 
increasing wavelength, cosmic rays, gamma rays, X-rays, 
ultra-violet radiation, light, infra-red radiation, heat rays, 
and radio waves.” The first sentence in this definition is too 
restrictive, but this is not serious. The second sentence, 
however, implies differences which do not exist. 

In 1937 there was published a 452-page book, ‘‘“Measure- 
ment of Radiant Energy,” edited by W. E. Forsythe (of 
GE’s famous lamp lab at Cleveland) under the auspices of 
the National Research Council. Although evidently com- 
piled for optical and illumination scientists, this work gives 
the definitions which practical instrument engineers seem 
to prefer: “Radiation is the transfer of energy by either 


emitted waves or particles. Radiant energy is the type 








energy which travels in the form of electromagnetic 
aves... . Radiant energy is energy traveling in the form 
electromagnetic waves.” 

Several pages could be filled with quotations showing 
at the experts disagree even on the definitions of the first 
vo or three basic terms. (There are thirty or sixty terms 
the literature—the number increasing with the speciali- 
ition or ramification of the texts—and disagreements are 
ven more pronounced. ) 

Some authorities say that radiation is the process of 
nitting; others say it is what is emitted. Among the latter, 
me say that radiation includes both waves and particles; 
thers say waves only. Among these latter some say all 
inds of waves (electromagnetic, sound, ete.); others say 
ectromagnetic waves only. Some say radiant heat is the 
eat communicated to a body by radiation; others say it is 
1e heat energy in transit, regardless of the surroundings 
f the emitter receiver. 





The Essentials of Radiation Ty rometry 
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Reference was made, a few paragraphs back, to the fact 
that in recent years the “collateral knowledge” (of non- 
ideal emitters and receivers) has grown and has been “well 
organized.”” Perhaps the most valuable part of this recent 
building of the science of pyrometry, on the simple radiation 
laws and on the complex effects found in practice, has been 
the striving by several American workers to define the 
terms and standardize the symbols which bewilder all 
pyrometer users who search the scientific journals.* These 
efforts began shortly after a meeting in Washington in 
1936. They have begun to bear fruit. As yet, however, no 
“official” glossary has been published representing all par- 
ties concerned. In the following discussion, therefore, al- 
though we depart from the language of the first edition of 


*Fiftv-two terms and symbols are listed in Table I of “Measure 
nent of Radiant Energ 1 compendium edits by W ». Forsythe 
McGraw-Hill, New York, 1937). There a few nt tw st 
prepared by A. G. Worthing (Journal Optical Socve Feb. 1939 

and Journal of Applied Phusics, June 1949) b $ sts yntalr 


new terms not in Forsythe 


this book, we shall not hesitate to use some old familiar 
terms (each of which is being superseded by two or more 
new terms) and we shall use new terms sparingly. 

What the process of radiation may be is not completely 
understood by science. It seems best to think of radiation as 
any kind of energy in transit which obeys the laws per 
taining to that kind of energy in transit. For example, the 
field of acoustics deals with one kind of radiation: sound 
energy traveling in the form of waves through a material 
medium such as air and obeying a certain set of laws. A 
stream, ray, or beam of electrons is likewise a kind of 


radiation, for it can be refracted by magnetic or electro 





static lenses and it is thereby made to obe y the laws of 
electron optics so accurately that sharp television images 
and electron microscopes have ceased to be news As con 
ponents of atoms, of course, electrons are honest 
particles of matter; in transit they can be refracted and 
‘ven diffracted like honest-to-goodness waves and such 
waves do not merely carry energy as d vater-surface 
Waves Dut the are lre energy ] is i i i ne 
particies ” Waves Ol é mie ets f 
energy which become bits of matter, or bits of matter whick 
become bullets of ene oy Q)) simp 1 ? EPC 1 SE 
bundles of energy which remain pure energ en they be 
come constituents of atoms and even when they split, as 
Einstein puts it in what is accepted as the correct picture 
In other words, electrons, protons, positrons and other mem 
bers of the subatomic family are little chunks of energy 
The mechanism whereby atoms and molecules emit 
ceive these bullets of energ ind the bu f ene \ 
<nown as photo of radiant energ ers s f 
mechanical analogies that with possibly one exce 
body as yet has been able escribe it le it 
super-ultra-high-mathematical terms. This ild have re 
tarded the progress of radiation } ymetry, but fortunate 
it 1s possible for a pvromete iser who tacks matnemati¢ca 
training to grasp all the essentials and maz f the fine 
points by studying a few diagrams and by thinking of 
tion as energy not aS a process 

This is easier said than done, because the sources of « 
in radiation pyrometry are the imperfections of t t 
ters, of the receivers, and (to a smalle extent) I 
tervening media. Worse yet, these imperfections are usua 
ariable. 

All the more reason, we believe, why the 
rometer user should become familiar with mi t 
ambdas, fluxes, quanta and other such radiant-energy topics 
which are not discussed in the commercia terature 
radiation pyrometry. 

In the next section, the: e, there é t 
relations between temperature and pu 


2. The Exact Relations Between Temperature and 
Radiant Energy. 


It is common to say that heat is radiated from a tter 
body to a colder body. This is correct wit! ega to the 
net transfer of energy, but radiant energy flows both ways 
(However, most radiation laws can be applied without seri 


ous error in the majority of practical cases, as if the net 


transfer were all. Only in precise calibratior 

need to go by the exchange theorem forms of the s.) 
The underlying principle of radiation pyrometry is that 

heat can only flow from a hotter body to a colder 

never from the colder to the hotter. The flow of heat « 

tinues until thermal equilibrium is established, that is t 

say, until both bodies are at the same temperature. The 


flow of heat may be radiation (differential), conduc 


convection, or a combination of all three. When it is radia 
tion, therefore, it means that the hotter body emits radiant 
energy faster than does the colder. The flow continues 
equilibrium is established. Nothing can stop it. If 
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body 1s interposed where there was a vacuum between two 
different temperatures, the simply 
changes the process from one of radiation to something else 
which may be simple or complicated, but unless it definitely 
alters the between the first two 
bodies, it cannot alter the original tendency. 

The relation between the temperature of a body and the 
rate of emission of radiant energy by this body is indepen- 
dent of the surroundings of this body. This rate depends on 
the material, the kind of surface, etc., but if these are con- 
stant it is an exact function of the temperature of the body. 


bodies at newcomer 


temperature difference 
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Fig. 3 
range in the exact center 


Crosswise are shown a few regions of radiation, with the visible 
The energy curves of two industrial temperatures 
have their peaks toward the long wave-length side. The sun's curve, if 
drawn on the same intensity scale, would have it peak about twelve feet 
above the top of the page and its peak would coincide with the center of 
the visible range 


It is exactly proportional to the fourth power of the tem- 
perature of an ideal body. If the body receives more radiant 
energy than it emits, its temperature will rise; and vice 
versa. 

Imagine a small sphere inside a larger hollow sphere, the 
latter at uniform temperature. Eventually, thermal equili- 
brium will be established between the two spherical sur- 
faces, so that the radiation will be equalized. It will be 
equalized, but it will not have stopped: in the space between 
the two spheres, radiant energy will be shooting back and 
forth. Even if we assume a perfect vacuum—total absence 
of matter—there will be something between the two spheres, 
and its “density” or “intensity” or other property will be 
uniquely characteristic of the equilibrium temperature 
which it has brought about. That something may be called 
a photon gas or radiant energy. Its property which corre- 
sponds to temperature may be called by any name. Now 
imagine the small sphere to vanish: the photon gas or 
radiation continues to exist, and it continues to “be at the 
temperature” of the enclosure. Unfamiliar as is the concept, 
it is helpful to think of the of radiation. 

As a matter of fact, the marvelous exactness and thor- 
ough comprehension of the laws of radiation became pos- 
sible only when daring scientists rid their minds of the 
habit of thinking of the temperatures of materials emitting 
and receiving radiation and began to consider radiant en- 
ergy itself as endowed with the attribute of temperature. 


temperature 
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Of course, radiant energy itself is neither hot nor e 
It is energy in transit and when it falls upon a mate 
body it produces various effects, depending upon its f 
quencies and upon the frequencies to which the body 
tuned. Light is the broadcast band to which the human 
is tuned. Infrared is a rather ill-defined band of frequ 
low for effects and higher than the f 
quency-modulation and television channels of today ( 
morrow may see a distinct overlap), which band produ 
the sensation of warmth and is most efficient as carrier 
thermal energy in such industrial processes as drying, ba 
region of frequenci 
too high for visual effects, which produces sun-burn, kil 
certain germs and makes the coatings of fluorescent lam 
emit visible light. Overlapping the ultraviolet region is tha 
f the soft x-rays, which shade into the medium (mediun 
strength and medium-frequency) x-rays; and then come th 
hard x-rays which overlap the gamma rays. At the highest 
frequency end of the known electromagnetic spectrum ar 
the cosmic rays. A portion of the electromagnetic spectrun 
is shown in Fig. 3. Never mind for the present the othe 
things shown in that composite picture. 


cies, too visual! 


ing, ete. Ultraviolet is the band or 


paragraph, the word “fre 
was used, as in radio. And, as in radio, to convert 
use the 


101° em./see., which is in 


Throughout the foregoing 
quency” 
from frequency to wave-length, or vice-versa, we 
familiar constant c, 3 
numbers the speed of electromagnetic radiation in vacuo. 
(The value is 299,776 Thus the ra 
diant energy frequency 2 corresponds to a 
wave-length of 5 10-5 em. (This is a familiar enoug! 
radiation: it goes by the name of “bluish green.’’) 


round 
six-decimal km./sec. ) 


1014 vib./sec. 


For the sake of convenience, workers in pyrometry de 
cided long ago to reduce to a minimum the need of using 
these powers of ten. Since the “center of gravity” of the 
spectral region most familiar to pyrometry is somewhere in 
the near infra-red, say 2 * 10-4 em. or two millionths of a 
meter, they adopted the millionth of a meter, or micron, as 
their unit. Its symbol is the Greek letter « (mu). The sym 
bol for wave-length is \ (lambda). The symbol for fre 
quency is v (nu). Some recent writers on pyrometry, how 
ever, follow spectrometric practice in using the Angstrom 
unit, A.u. (or A. with a dot to distinguish it from argon o1 
area), which is 10-5 em. or 10°4 uw. Others use the millimi- 
cron, mz, which is 10-7 em., but it gives rise to headaches 
because it is sometimes printed “zx, which really is a micro- 
micron or 10-19 em. 

Thus pure total radiant 
from big to small without gaps, of wave-lengths or of fre- 
quencies... or of photons. It won’t be long before radiation 
pyrometry is taught in terms of photons, and the photon 
presentation is closer to reality, so here are a few words on 
the subject. Photons are the quanta of radiant energy—its 
bullets or wavicles, or elementary corpuscles, or individual! 
components. They are what radiant energy is made of. They 
range from “big” to ‘small’ according to the spectral re- 
gion, just like wave-lengths or frequencies, so that a photon 
of violet light is exactly twice as energetic as a photon of 
red light if the ratio of frequencies is exactl, one to two 
(as it is near the ends of the visible spectrum). In the 
radiation from an incandescent bedy, the ultraviolet pho- 
tons for which v = 1018 are each a million times more ener- 
getic than the infrared photons for which » = 101%. A hard 
x-ray photon (vy = 101%) is a million times more energetic 
than a medium infrared photon (» 1013). Although it’s a 
scientific crime to give a ‘“‘why” explanation, it’s pretty safe 
to say that this is why x-rays can go through more kinds of 
matter than can light; and why gamma rays (1079) are 
used for inspecting large castings; and why cosmic-ray 
photons (102% or 1025) can be counted one by one with the 
greatest of ease! 


energy is a continuous series, 


All these bullets travel at the same speed, c, so that since 
the energy of one bullet is proportional to the frequency of 
the waves associated with it, something else characteristic 
of the bullet must be a constant of Nature. That constant 
is called h, and a bullet or photon or quantum of energy is 



























Fig. 4. This is the general portrait of all radiation temperatures 
It is called the distribution of energy of the blackbody. In this 
drawing the horizontal scale (of wave-lengths) makes the wave- 


hv. If we go by wave-length units, the momentum of each 
bullet is h/A, for c= Av and all bullets travel at the speed c. 
Now then, hv is energy and » is time rate; also h/\ is mo- 
mentum and A is length. So what? So h turns out to be 
energy X time, or action, a mathematical quantity which 
seems unfamiliar because we never use it in our everyday 
mechanical or electrical slip-stick computations. Its value is 
0.000 000 000 000 655 ergs-seconds. 

For further details, reach for any treatment of modern 
physics. Just remember that radiant energy is a shower of 
photons. 

Now let’s get back to the temperature of radiation. 

In the foregoing list of regions of the electromagnetic 
spectrum, the only reference to thermal radiation was an 
indirect one, in connection with the well-known heat effi- 
ciency of the infrared radiations. Does an ideal total-radia- 
tion pyrometer respond to all wave-lengths of radiant en- 
ergy? Or, putting the same question in its converse form, 
does an ideal emitter radiate all wave-lengths? A glance at 
Fig. 3 would prompt a negative answer, but let’s consult the 
highest authority. The history-making Bureau of Standards 
Scientific Paper No. 250 (1915) on radiation pyrometry de- 
clared without ifs and buts: 

“The total radiant energy of a material is 
represented by vibrations of all possible wave- 
lengths from zero to infinity.” 

Does that settle it? No! 

Actually, there are ifs and buts! 

That green light “carries heat if strong enough” is the 
usual qualitative description of a readily-observed fact; as 
are the statements that red light is warm, and blue light 
cool. Equally well-known is the fact that the extremes of 
the electromagnetic spectrum do not “carry heat’; neither 
cosmic rays nor ordinary radio waves are thermal radia- 
tion. What then are the extremes of thermal radiation? A 
partial answer was given in Chapter I where the story of 
the discoveries which led to the radiation laws was told as 
a narrative. It was stated that the extremes of the energy 
distribution curve “dwindle down to zero elevation almost 
imperceptibly.” Two sketches were included, giving the gen- 
eral idea of blackbody radiation. In Fig. 3 the limits are 
not shown (the picture being small) but there is shown the 
“center of gravity” of industrial radiation pyrometry with 
reference to the entire electromagnetic spectrum. The two 
shaded areas roughly represent the curves of two tempera- 
tures—not, however, from industrial materials but, as in 
Chapter I, from blackbodies. 
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length of maximum intensit, equal 1 The vertical scale 
intensity) makes the maximum intensity equal l Both scales 
are linear. Both are arbitrary 


If any misnomer was ever adopted by the ninetee 
century scientists, it certainly is “blackbody.” The moder 
concept is that the blackbody is pure radiant energy. To fix 
that concept in the mind, it is only necessary to think of 
the radiation that shoots back and forth in a uniform-ten 
perature enclosure. This radiation, and not the material of 
the enclosure, is the blackbody. If we open a relatively sma 
hole in a wall of the enclosure, the radiation emitted and 
received through this hole will be blackbody radiation. This 
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Fig. 5. Here are blackbody temperatures A and B of Fig. 3, plotted 
linear scales. Note how close to ‘‘zero’’ the visible range is on a near 
wave-length scale. ‘‘Zero’’ wave-length would mean an infinitely high fr 
quency: it does not exist 
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hole will be a perfect emitter and perfect receiver of ther- 


mal can associate 
the blackbody and radiation in a more intimate way. The 
radiation laws become purified, so to speak. Good-bye gross 


matter! 


radiations of all wave-lengths. Thus we 


The principal laws need not be altered but their interpre 
tation is modified, as we shall see. The Bureau of Standards’ 
statement that “total” radiation is ‘‘zero to infinity” is only 
of academic interest when we kiss matter good-bye, for that 
statement referred to “the total radiant energy of a ma- 
terial.” 

Yes, there are ifs and buts—and their consideration clar 
ifies the picture. 

The basic radiation laws are given in Fig. 4 and not here 
in the text, so that this discussion may be non-mathematical. 
They stand intact. Yet we shall attempt to explain in a non 
mathematical way how it has come about that total radia 
tion mean the total spectrum. (Readers with no 


previous knowledge of pyrometry, however, might examine 


does not 


Figs. 1 to 7 before proceeding. ) 


Radiant shower of photons of various ener 


gies. If its spectral limits were, say, lu and 24, and if the 


energy 1S a 


photons were evenly distributed, its portrait would be a 
rectangle, with a base of conveniently-drawn length repre- 
senting one micron, and a height representing the (uniform) 
number of photons per 0.1“ or 0.014 or any other conveni- 
ent interval. To make the portrait represent energy distribu- 
tion, however, the top line of the rectangle would slant and 
the portrait would become a rhomboid, the height of the 
sides being proportional to the frequency or photon energy, 
or inversely proportional to the wave-length. Thus, follow- 
ing the usual convention of drawing the shorter wave-length 
at the left, the left twice the height of the 
the would be 


side would be 
and (representing energy) 


the base times half the sum of the sides. 


right side; area 
The sharp limits and the uniform distribution being im- 
aginary, we need not draw the quadrilateral portrait. 


Still assuming sharp limits at lw and 24, but assuming 
uniform distribution of intensity, or spectral energy density, 
we again have a rectangle. This time it remains a rectangle 
whatever its height. Its height, and hence its area, will be 
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Fig. 7 
THREE LOGARITHMIC-SCALE PORTRAITS OF RADIANT 


ENERGY'S BLACKBODY DISTRIBUTION AND POWER 

The Fig. 6 diagram is from Sosman’s ‘‘Pyrometry of Solids and Surfaces 
but the legends effect. Note th 
shift of the peak toward the shorter wave-lengths as the temperature rises 


have been re-lettered to create a certain 


Frank Benford (of G-E) it 
portrait 


Fig. 7 is reproduced intact from a paper by 


the Journal of Applied Physics. It 
Fig. 4 but plotted on 


is exactly the same general 


log-log coordinates. 


Fig 8 answers the question. now powerful 1s the radiation from a body 
obeying the blackbody laws? Note that by roughly converting from Metric 
to ene'neering units we get about a horsepower per square inch at abou 


1000° F. 


proportional to the fourth power of the absolute tempera 
ture. Again, there is no need to include a diagram. 

Right now, nevertheless, while still considering this im 
aginary quadrilateral portrait, is a good time to mention an 
important feature of the real portrait. 

If the area of the portrait is to represent blackbody rate 
of emission of energy, it will vary as the fourth power of 
the absolute temperature; but if it is to represent blackbody) 
rate of emission of photons, it will vary as the third powe1 
of the absolute temperature. Since the fourth-power law is 
a feature of the real portrait (Fig. 4) it follows that pho 
ton distribution is not uniform in the imaginary sharp 
limit portrait. In other words, there are half as many pho- 
tons at the left-hand end as there are at the right-hand end. 
Which is just another way of saying that it takes half as 
many photons of a given \ or v to make up a given spectral 
intensity as it does for photons of twice the or half the ». 
The first and second quadrilateral portraits are thus recon 
ciled. 

A third imaginary sharp-limit portrait: 

This time, imagine that the rectangle as a whole shifts 
toward the higher frequencies or shorter wave-lengths of 
the spectrum of radiation as the temperature rises. Its area 
(total energy) obeys the fourth-power law, so that its 
height will shoot up. But the photons obey the third-power 
law and they become more energetic as they correspond to 
higher frequencies, so there will be fewer of them needed; 
and the base of the rectangle will become narrower and 
narrower, even on a logarithmic plot. 

Get it? 

Good! You can better appreciate the beauty of the radiant 
features of Lady Temperature, whose portrait is shown in 
Fig. 4. Some of her features are depicted in Figs. 3 and 5. 
The terms radiant energy and radiancy must have been 
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coined by inspired geniuses! There is indeed a rare beauty 
in the progression of whole numbers we meet in the radia- 
tion laws and their corollaries. 

Haas-Guth Law: Photon content varies as third power 
of temperature. 

Stephan-Boltzmann Law: Radiancy or radiant energy 
density or power varies as fourth power of temperature. 

Wien maximum-intensity corollary: Spectral energy at 
wave-length of maximum energy varies as fifth power of 
temperature. Knowing the temperature, /,,, may be found 
the simple relation: 

OF aw ii 


J 1.308 : 
1000 


Wien Displacement Law: Product of T and \,, is a con- 
stant. The value of this constant (symbol }) is 2883.6. 

Other interesting relations are brought out in Figs. 3 
and 5. 

The portrait of thermal energy is similar to that of vis- 
ible energy (luminosity) in that both taper down to nothing. 
Mathematically, according to the wave theory, the curve ex- 
tends to zero and infinity. But in 1915 (the very year that 
the Bureau of Standards issued SP250 on radiation pyrom- 
etry!) Einstein published one more paper on his photon 
theory of radiation, and this disclosure showed that the 
curves need not be prolonged to zero and infinity. In plain 
English, he showed that Nature sets a definite minimum in 
all interactions of radiation and matter —a “threshold” 
sometimes enormously larger than the tiny constant h which 
Planck had introduced in 1900 in his modification of the 
Wien laws. You may remember from Chapter I that there 
was a fascinating race at the turn of the century to formu- 
late a valid law of radiation, that Planck won it in 1900 by 
proposing but not deriving a valid law, and that Ejinstein’s 
discoveries in 1916 and 1917 finally ‘certified’? the Planck 
law. The story is too complicated to narrate, for it began 
in 1905 when young and unknown Einstein first insisted, 
against Planck’s own arguments, that Planck’s quanta were 
not mere mathematical conveniences but realities. As D’Abro 
puts it “The real revolutionary was not Planck but Ein- 
stein.” What is of interest to us here is that Einstein gave 
practical radiation pyrometry a_ boost in fact, several 


boosts. In the first place, the radiation laws previously for- 
mulated by trial-and-error, follow naturally from his photon 
laws, in some cases in more accurate forms. In the second 
place radiation pyrometry can start from relations which 
do not involve materials. In the third place, the pyrometry 
of actual materials is therehy made more accurate, just as 
the Carnot-Kelvin ideal body made accurate “contact thet 
mometry” possible. In the fourth place, the limits of all such 
curves of Nature as that of luminosity, radiant energy, 
etc., are given definite limits. We repeat, however, that the 
basic radiation laws which give the true portrait of radi 
ant energy temperatures stand unshaken. (Overthrown, of 
course, are the original detailed formulations, such as 
Wien’s of 1896.) 

In Figs. 6 to 8 are given three more visualizations of the 
radiation laws, the originals having been selected from 
authoritative works. They are worth studying. 

Mathematical readers will find eighteen “classic” radia 
tion laws and etghteen photon laws in Worthing’s recent 
but already historic paper.” 


3. Sources—Effects of Materials and Surfaces. 


In Section 2 the portrait of radiation temperature was 
painted in its true form. In spite of the mediocre artistry, 
it is hoped that readers caught a glimpse of the beauty of 
the subject. In an industrial plant, however, radiation tem 
perature is like a veiled Venus, the reasons being as fol 
lows: (1) actual materials don’t radiate perfectly; (2) 
media intervene between the material sources and the in 
struments; (3) the instruments themselves are imperfect 
because they are not like the ideal shown in Fig. 1 but are 
made of actual substances. 

In this section we shall deal mostly with materials—pat 
ticularly with their surfaces; and of course we shall uss 
the blackbody as the reference standard. 


Enclosures and Cavities 


Before taking up materials and surfaces, it may be wel 
to consider the possibility of nullifying most of their effects 
in actual industrial practice. Can the ideals brought out in 
Sections 1 and 2 be approximated, so that the imperfections 
of gross matter will not give serious trouble? 

Since the most essential condition (see Figs. 1 and 2) is 
a blackbody source, every effort should be made to approxi 
mate it. Although this ideal is impracticable of attainment 
when the problem is to measure the temperature of a su 
face in the open, it can sometimes be closely approximated 
when kiln or furnace temperatures are to be measured. As 
far back as 1859, Kirchhoff pointed out that a uniform 
temperature enclosure emits radiation through a small hole 
as would his theoretical “total radiator.”’ 

Moreover, there is an easy, familiar and generally reliable 
method of determining—literally at a glance—the closeness 
to blackbody conditions: If, when viewing a number of ob 
jects in the furnace, the outlines of these objects are invis 
ible, measurements of the radiation will truly represent the 
temperature. It is to be borne in mind that the value of this 
simple test depends on there being on the furnace floor two 
or more objects which have widely different emittances and 
reflectances in the open not only at room temperature but 
at red heats. (The “emittance” and reflectance” properties 
are defined below.) Only then can the observer be fairly 
certain that equilibrium conditions prevail in the enclosure. 
We have to say “fairly” certain because the eye as a test 
ing instrument can only check up on a small portion of the 
spectral distribution curve emitted by the enclosure. Below 
bright red, for example, the visible radiation constitutes less 
than 1% of the radiant energy to which the pyrometer 
should respond. Then, too, the objects selected for the visual 
test may have been selected by eye. Although they may have 
had enormously different reflectances in the open and at 
room temperature (black and mirror in appearance) and 
although they may have had distinctly different luminous 

*A. G. Worthing. “Radiation Laws Describing the Emission « 


Photons by Black Bodies Journal Optical Society f America 
Vol. 19, Feb. 1939, pages 97-100 
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emittance properties in the open when heated, they may still 
be unsuitable because even if their outlines merge as viewed 
there might not be complete equilibrium as viewed 
“eye” of a total receiver. 

At dull red heats, these differences between an actual and 
enclosure as sources are serious. The higher the 
temperature, the less serious they are, for three 
(1) more of the energy radiated by the source lies 
so that the value of the eye as a testing in- 
(2) the emittance properties of many 
(3) the fourth-power relation makes 
due to non- 


Therefore, such enclosures as ferrous- 


an idea 
nowever, 
reasons: 
in the visible, 
strument is enhanced; 
materials go up; 

the temperature-measurement 


blackbody conditions. 


actual 


smalle1 errors 


Fig i) Worthing’s tubular 
blackbody note how radiation 
through a small hole in the wall 


heated tube builds 
radiation 


of a uniformly 
up to form blackbody 





(2000 to 3000°F.) make excel- 
lent sources, provided only that the obvious geometrical 
requirements (Section 5) are met. The same applies of 
course to high-temperature bench furnaces and to most in- 
justrial high-temperature measurement problems where it 
the inside of an enclosure through a 

provided, again, that the image-size 
factors are correct. 


materials melting furnaces 


iS possible to view 
relatively small hole 
and other such 

Dust, smoke, ete., in the enclosure, especially when vari- 
cause serious errors. No need to dwell upon this topic, 
the next-best of the 


able. 
except as it suggests solution source 
problem: 

Next to eliminating the effects of imperfections of ma- 
terial radiators, the closed-end tube offers a satisfactory 
solution of the source problem because its radiating prop- 
erties remain constant (with proper care). The industrial 
plant differs from the research laboratory in that true tem- 
peratures seldom Therefore, al- 
though the sighting tube is made of a material, it is one 
material and makes an excellent source for industrial meas- 
urements. It is suitable for use not only in furnace walls 
but in molten metals, which are among the worst sources. 
The tube is more than a source: it really is an essential 
part of the pyrometer; and as such it will again be taken 


need to be ascertained. 


up in Section 5. 

When neither an enclosure nor a closed-end tube can be 
used as a source, it sometimes is possible to take advantage 
of a deep cavity in a casting or other object whose tempera- 
ture is to be measured. Such opportunities for the use of 
radiation pyrometers seldom occur, for the dimensions of 
the cavity must be at least as large as those of the closed- 
end tube specified for a particular radiation pyrometer. 
Small deep cavities offer good opportunities for minimizing 
nonblackbody errors when a telescope type optical pyrome 
ter can be used; therefore this subject will be discussed in 
Chapter XI. 


Importance of Distinguishing Between a Type of Material 
and an Actual Specimen and Surface 
How 


many portable radiation pyrometers have been 


hurled in anger on concrete floors because their readings 
differed by more than a hundred degrees from those of 
optical pyrometers sighted at the same time on the same 
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surfaces in the open? The author knows of two in the | 
twelve years. In each case the hurler later justified 
condemnation of the instrument by pointing to a single-| 
entry in a brief table in an authoritative handbook: 
says here that the emissivity is 0.452. Three decimals, m 
you! Then I ’phoned the lab and all the tables they lool 
up gave 0.43 and 0.47 as the limits.” Or words to tl 
effect... 

Look up the “emissivity” of, say, “copper” in seve 
general-reference handbooks. You probably will have to k 
for “emissive power,” “emission factor,” or other tern 
Note the absence of footnotes or other ifs and buts in t 
condensed tables. 
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165; plus additional material: Worthing, J/. Applied Phys., Vol. 11, 1940, 


page 436) plus dotted lines showing electrical resistivities as explained in 
text. ; 


Now examine Fig. 10. 

No, don’t draw your own conclusions yet — unless you 
have specialized in this kind of work. And even some of 
the highest authorities disagreed from the dawn of indus- 
trial pyrometry three-quarters of a century ago up to the 
late thirties. Or, rather, they seemed to disagree, because 
the concepts were not yet fixed and the workers in different 
institutions could not speak a common language. No won- 
der the portable radiation pyrometer was convidered an in- 
accurate instrument! To use it successfully, one must first 
become acquainted with the radiation properties of materials 
and with the radiation characteristics of surfaces of actual 
bodies. These properties and characteristics are numerous. 
Only a few experts can recite all their names and defini- 
tions by heart. But remember what was said at the begin- 
ning of this chapter, that radiation pyrometry has been 
founded on the simple radiation laws and on organized 
knowledge of the complex effects found in practice. Once the 
reader has become even slightly familiar with the following 
discussion and list,* he can forget many of the exact word- 
ings, for he will have gained a precious and permanent 
keneral knowledge of how to use his instruments even under 
unfavorable conditions. 


_*From the Temperature Symposium paper, ‘“‘Temperature Radia- 
tion Emissivities and Emittances” by A. G. Worthing (Journal of 
Applied Physics, June 1940, pages 421-437.) 
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Brown Potentiometer Pyrometers are rugged, 
precision-built instruments and guaranteed to 
give the performance required for industrial 
service today or tomorrow. 

Like a fine automobile, the working parts of 
these instruments are assembled into major 
units. 

Because of our expanded facilities and mod- 
ern manufacturing methods, an ample supply 
of Brown Potentiometer Pyrometer Units is now 
in stock—ready to be calibrated and assembled 
to meet your specific requirements. 

The mighty industrial defense program is 
geared to run at a tremendous pace. SPEED UP! 
SPEED UP! is today's demand in the Metal 
Working Industry. 

lt is our desire to assist you in every way 
possible to speed up production. Write, phone 
or wire our nearest branch. Tell us your need. 
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urement and temperature control of all types 
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quality, reduce costs. 
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Co., 4482 Wayne Avenue, Philadelphia, Pa. 
Offices in all principal cities. Toronto, Canada: 
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et us start with a familiar analogy: 
‘he electrical “volume resistivity” of pure annealed cop- 
is a definite property of a definite material; it has a 

»wn meaning whether expressed in microhms per cm.* 
a per cm. length or (as among practical electricians) in 
ns per cir.mil-ft. Also, the resistivities of pure annealed 
pper and of hard-drawn commercial copper are generally 
own to be different. But no one would speak of the re- 
stivity of a mile of No. 18 copper wire: the individual 
aracteristic of that particular “body” made of drawn 
mmercial copper is universally known as its resistance. 
ikewise, in laying out a circuit where parts of it are near 
at sources, allowance is universally made for the increased 
sistance of the heated copper conductors. 

And yet the same type of careful workers, when using 
adiation pyrometers, will (sometimes through no fault of 

1eir own) overlook these important distinctions. Fig. 10 
declares eloquently that there is a difference between the 

normal total) emissivity of copper as determined under 
standard conditions (clean polished surface, etc.) and the 
normal total emittances of the surfaces of various actual 
objects made of copper. Fig. 10 reveals also that the emis- 
sivity of copper varies more with temperature than do the 
resistances of copper conductors (dotted lines), and that 
the spread of emittances of actual bare and lacquered cop- 
per surfaces is far greater than the greatest spread be- 
tween conductivities of different coppers (spread between 
dotted lines). 

In addition to these effects, the emissivity of the clean 
polished surface of any pure material varies according to 
the spectral region—sometimes enormously; hence the term 
spectral emissivity (though many writers prefer ‘color 
emissivity”) ; and the spectral emittances of the actual sur- 
faces of actual bodies made of those pure materials vary 
enormously and erratically. 

Hence the distinction between total and spectral emissiv- 
ity of a material; also between total and spectral emittances 
of actual surfaces. 

Without qualification, ‘emissivity,’ whether total or spec- 
tral, conveys the general idea of rays shooting out at right 
angles from a surface. Therefore it is further necessary to 
distinguish between normal and hemispherical emissivities, 
for these two properties never have exactly the same value 
for any material: only the blackbody obeys the cosine law. 
When the temperature measurement problem is such that 
the surface must be viewed at an acute angle, it becomes 
necessary to apply two emittance corrections: that for the 
emittance of the individual surface and another correction 
taken from the curve of relative emissivity of the material 
for the angle in question—provided of course that the sur- 
face of the individual body is polished or at least clean and 
“smooth.” 

Obviously, a corrugated or serrated surface is a special 
problem in itself: it will have almost normal emittance 
when viewed from a point so situated that the greater por- 
tion of each ridge is normal to the line of sight; or—putting 
it in a different way—its hemispherical emittance will be a 
meaningless value because of the pseudo-polarization. Some 
machined surfaces are extremely tricky. 

The emittances of irregularly rough surfaces differ er- 
ratically and unpredictably from the emissivities of the 
material. Consider for example a honeycomb, or any other 
“surface” which is about 90% deep holes and 10% outer 
surface: the composite will have emittance properties close 
to unity (blackbody), even if the material has a low emis- 
sivity and if the outer surface is highly polished. 

Thus it becomes obvious that in the great majority of 
cases, an emittance (total or spectral; normal, hemispheri- 
-al or for a specified angle) of an individual surface is 
greater than the corresponding type of emissivity of the 
material. 

Emissivities and emittances are expressed as ratios, with 
the blackbody as the standard. For the blackbody, all values 
are unity, those of materials and of individual surfaces 
being written as 0. followed by one, two or three digits for 
the emissivities (one decimal place is close enough for many 
emittances!). Some texts and reference books, however, 
give emissivities as percentages. It makes no difference. 


All absorption properties ot the blackbody are likewise 
unity or 100% and the “coefficients” or “factors” of non- 
blackbodies (all defined in the abstract from Worthing’s 
paper below) are similarly reported as decimals or percen 
tages. In most cases these correspond to the emissivities of 
the materials listed in the tables, for the temperatures 
given. When temperatures are not given, not only will emit 
tances differ from emissivities but emissivities will differ 
from absorptivities. All such tables, therefore, must be used 
with keen discrimination. 

There follows now the list abstracted from Dr. Worth- 
ing’s paper: 

The emissivity of a material is defined as the ratio of a 
rate of emission of radiant energy by an opaque body with 
polished surface composed of that material as a consequence 
of its temperature only, to the corresponding rate for a 
blackbody at the same temperature. Thus a rate of emission 
of radiant energy per unit area by tungsten at 2000°K. is 
23.7 watts/cm.2, the corresponding rate for a blackbody is 
91.8 watts/em.-, and the total hemispherical emissivity of 
tungsten at 2000°K. is 0.258. The several types of emissivity 
are defined below. 

An emittance for a body at some constant temperature is 
defined as the ratio of a rate of emission of radiant energy 
by the body in consequence of its temperature only to the 
corresponding rate for a blackbody at the same tempera 
ture. The condition of the surface of the body, polished 01 
not, oxidized or not, and the condition as to opaqueness are 
immaterial. For a tungsten filament at 2000°K. whose sut 
face has been roughened greatly a hemispherical total emit 
tance of 0.5 in contrast with the corresponding emissivity of 
0.258 is not impossible. If the body is opaque the emittance 
has the emissivity as its lowest limiting value. For a glass 
rod at 1000°K., however, due to its nonopaqueness, one ex 
pects emittances less than the emissivities. In place of a 
normal spectral emissivity for visible light of about 0.96, 
one may obtain a corresponding emittance of say 0.10 
Often the emittances of composite bodies, as of a shellacked 
plece of steel, are of interest. Their probable values range 
from zero to unity. 

In giving precise definitions for the various emissivities, 
we need, in describing radiation sources, to make use of 
three well-recognized terms and a fourth which is not well 
recognized. They are* radiancy, steradiancy, brightness, and 
“luminous radiancy.” 

The radiancy of a source of radiation is its rate of emis 
sion of radiant energy per unit of area. It is commonly ex 
pressed in watts/cm.°*. 

The steradiancy of an element of a source of radiation in 
a given direction is its rate of emission of radiant energy 
in that direction per unit area and unit solid angle. It is 
commonly measured in watts/(cm.* steradian). 

The brightness of an element of a source of radiation in 
a given direction is its rate of emission of light in that 
direction per unit area and unit solid angle. It is analogous 
to steradiancy and is commonly expressed in lumens/ (cm. * 
steradian) or in candles/cm.?. 

The “luminous radiancy” of a source of light is its rate 
of emission of light per unit of area. It is analogous to 
radianey and is expressed in lumens/cm.*. 

We are now ready to give precise definitions for the vari 
ous emissivities, each of which is defined for an element of 
polished surface of an opaque body at constant temperature. 

A he misplhe rical total emissivity, €n:, for the polished sul 
face of an opaque portion of material at constant tempera 
ture, is the ratio of its radiancy to that of blackbody ma 
terial at the same temperature. 

A normal total emissivity, €.:, for the polished surface of 
an opaque portion of material at constant temperature, 1s 
the ratio of its normal steradiancy to that of blackbody ma- 
terial at the same temperature. 

A hemispherical spe ctral emissivity, €,,, for the polished 
surface of an opaque portion of material at constant tem 


*’Terms Used in Radiation Measurement (B 
informal meeting held at the National Bureau of 


report of an 
Standards.) Review o 


f Scientific Instruments, Vol 
322, See also W. Ic. Forsythe Lor eu 











INSTRUMENTS 


November 1940—Page 349 

































NO CORROSION 
AT THE TERMINALS! 


Make sure that every soldered connection 
is made with Kester Rosin-Core Solder 
and you will eliminate one big corrosion 
probiem. 


This famous solder contains a special rosin- 
flux in the core that will not corrode the 
wiring or destroy the value of the insulat- 
ing material. 


In addition, Kester Rosin-Core Solder 


eliminates an important fire hazard. 


Because of these important advantages, in- 
strument manufacturers throughout the 
industry specify Kester for all soldering 
needs. 


Kester Cored Solders come in a great va- 
riety of alloys, fluxes, strand-sizes and core- 
sizes. Put any soldering problem up to 
Kester engineers and they will gladly show 
you the best way to solve it. 


This service places you under no obligation 


whatsoever. 


KESTER SOLDER COMPANY 


4216 WRIGHTWOOD AVENUE, CHICAGO, ILLINOIS 


Eastern Plant: Newark, N. J. Canadian Plant: Brantford, Ont. 


KESTER 


CORED SOLDERS 


STANDARD FOR INDUSTRY 





INSTRUMENTS 
Page 350 — Vol. 13 





perature, is the ratio ot its spectral radiancy to tl 
blackbody material at the same temperature. 

A normal spectral emissivity, €.\, for the polished su: 
of an opaque portion of material at constant temperat 
is the ratio of its normal spectral steradiancy to tha 
blackbody material at the same temperature. 

A he misphe rical luminous emissivity, Eni, for the pol 
surface of an opaque portion of material at constant t 
perature, is the ratio of its “luminous radiancy” to that 
blackbody material at the same temperature. 

A normal luminous emissivity, €.:, for the polished 
face of an opaque portion of material at constant temp: 
ture, is the ratio of its normal brightness to that of a blac 
body material at the same temperature. 

A hemispherical color emissivity, €n-, for the polis] 
surface of an opaque portion of material at constant te 
perature, is the ratio of its “luminous radiancy” to that 
blackbody material having the same color as viewed vi 
ually. 

A normal color emissivity, €n.-, for the polished surfa: 
of an opaque portion of material at constant temperatur: 
is the ratio of its normal brightness to that of blackbod 
material having the same color as viewed visually. 

In use there has been considerable confusion due to 
failure to distinguish between hemispherical and norma 
emissivities. This has been particularly true of total emis 
sivities. 

Emissivities, both spectral and total, vary with the emis 
sion angle. The definitions for the various types belonging 
to this group are obvious. They may be designated by €¢ 
€ot> €oe, and €6@¢. 

Types of emittances are equal in number to the types of 
emissivities, and we properly speak of the hemispherical 
total emittance of a body and of its normal spectral emit- 
tance. Emittances will be distinguished by primes, thus € 
Ent, En , ete. 

Closely connected with the terms emissivity and emit 
tance, in theory and practice, are the terms reflectivity and 
reflectance, and absorptivity and absorptance. 

A reflectivity is defined for an opaque, polished portion 
of material as the ratio of a rate of reflection of radiant 
energy from its surface to the corresponding rate of inci 
dence of radiant energy upon it. 

An absorptivity is defined for an opaque polished portion 
of material as the ratio of a rate of absorption of radiant 
energy by it to the corresponding rate of incidence of ra 
diant energy upon it. 

Since all of the radiant energy which is incident on an 
opaque element of surface is necessarily either absorbed or 
reflected, the sum of a reflectivity and its corresponding ab- 
sorptivity is necessarily unity. 

As with emissivity, we speak of spectral and total, normal 
and hemispherical reflectivities and absorptivities. 

For an opaque-walled cavity which has a uniform tem 
perature throughout and is therefore in equilibrium, it is 
easy to show that a body in the interior is emitting radia- 
tion from its surface at just the rate that it is absorbing 
radiation from the walls which is incident on its surface. 
Not only is this true for total hemispherical rates of emis- 
sion and absorption, but it is also true for the normal and 
the spectral rates for the conditions described, generally 
known as blackbody conditions. We may therefore write 

(« a l1—1)7, (1) 
the subscript T at the right indicating that not only the e«, 
the a, and the r are for the temperature 7, but that the 
incident radiations also are such as occur in a blackbody 
cavity at the temperature 7. The equation then holds sepa- 
rately for each type of ¢, a and r. 

If, however, the incident radiation has a spectral dis 
tribution different from that characteristic of a blackbody 
at the temperature of the element of surface in question, 
the simple relations given in the equation no longer hold 
for the total emissivities. The corresponding spectral values 
for €«, a and r are, however, as one will perceive, indepen- 
dent of spectral distributions and are therefore completely 
interrelated at all times by Eq. (1) as shown. To illustrate, 
for tungsten at 2000°K., €y) at 0.665« is 0.435 and the cor- 












nding absorptivity and reflectivity values are 0.435 
0.565. The value of ¢,; for the same temperature is 
) but what the values of aa; and fa: are cannot be 
ed unless the spectral distribution of the incident radia- 
is known. If it is that of blackbody radiation corre- 
ding to 2000°K., aa: and ra: are 0.260 and 0.740. 
Dr. Worthing’s paper then gives, in profuse details, 
1ods of measurement and tabulated results, also discus- 
s of results. He gives 52 references.) 
onclusion: We repeat that Dr. Worthing’s definitions 
d not be memorized by practical pyrometer users in in- 
stry, but that their lessons should be kept in mind. Now 
e is exactly what to shoot at: No matter how different 
m the blackbody a surface may be, observance of the 
ve principles of discrimination will make it possible to 
ain a straight-line relation between true temperatures 
| observed temperatures. 
P.S. What, no mention of the “graybody” in a discussion 
sources? The graybody is one whose spectral emissivities 
ire less than unity and have the same value at all wave- 
ngths, so that the portrait of its radiation is a facsimile 
f radiation temperature’s portrait, shifted toward the left. 
“There ain’t no such animal” in radiation pyrometry: our 
nonblackbody sources are “colored” sources. In optical py- 
ometry, however, the concept of the graybody is sometimes 
heuristic. 


4. Effects of Atmosphere and Other Intervening 


Media 


In the shade of an old apple tree a boy sits reading a 
boy’s encyclopaedia where, under the title of Rainbow, 
there is printed in natural colors a reproduction of the 
solar spectrum on a black background. 

A storm cloud passes in front of the sun. In its shadow, 
the boy can still see all the colors, as he did in the shade- 
though he finds it a little harder to locate the exact places 
where the red and violet ends taper off into the black. 

The cloud goes by. All colors resume their respective 
brightnesses. 

The boy puts on a pair of those new sun-glasses which, 
his dad said, highway safety directors recommend because 
they don’t alter the colors of traffic lights. The effect is 
like that of the shadow of the cloud. Now the boy really 
understands what daddy meant by “scientifically gray.” 

A Gray Medium is one that reduces all spectral intensities 
in equal proportion. There are no truly gray media in 
Nature. The gray effect is realized by rotating-sector 
(“flicker”) devices or by diaphragms or by opaque-mesh 
screens, but these are not media. For the visual range it 
is easy to approximate a perfect gray medium by polariza- 
tion devices. For the total spectrum of radiant energy it is 
practically impossible. Every one of the 300-odd kinds of 
atoms of the elements and isotopes, every one of the hun- 
dreds of thousands of kinds of molecules, each of them 
makes love to only a few sizes of photons. Only in the ideal 
case, that of no medium between source and receiver (Fig. 
1), does the entire spectrum of the source fall upon the 
receiver. Every total-radiation pyrometer is to some extent 
a selective-radiation pyrometer in actual use, but this in 
itself need not cause errors in temperature measurement. 

The sharp cutoffs in the ultraviolet and in the infrared 
of the radiation from the sun and stars being known to 
every high-school graduate, the impression has grown that 
ordinary atmosphere errors greatly diminish the useful- 
ness of radiation pyrometers. This is not the case. Furnace 
atmospheres are the offenders—not clean air at the usual 
source-to-pyrometer distances of several feet or yards. Even 
in the medium-humidity climates of American industrial 
centers, the usefulness of the radiation pyrometer, as a 
type of temperature measuring instrument, is not greatly 
diminished thereby. Complete allowance can be made for 
the cut-off of infrared by CO, COzv and water vapor, and for 

*He will find it much harder, and the spectrum will seem nar- 
rower by at least 0.05u at each end, if the printed “plate” faith- 


fully reproduces the solar spectra which some observatories let 
Visitors admire on sunny days. 
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the gray-medium effect of solid particles, under the fo 
ing conditions: 

(1) The proportions of absorbing gases, vapors, dust, 
in the atmosphere between source and receiver must al. » 


constant. 


(2) The distance between source and receiver must 
wise be constant. 
These two conditions are interdependent. If any on 


the various proportions of absorbing gases, smoke 
moisture in the atmosphere is exceptionally high, this 
ticular proportion will probably be variable and the t 
atmospheric absorption will not be constant; and er: 
will be introduced. 

Humidity uncontrollable, it 
to the distance even when the atmosphere is otherwise sta 
ard and Where the humidity error tolerance is 
of pyrometer range, for example, the extreme li 
(theoretically) about a mile in a dry climate 
the humidity varies between 0 and 5%, and somewhat und 
ten feet in a moist climate humidity 
60% and (saturation). 


being generally sets a lip 
clean. 
seale 
will be whe 
where varies betwer 


f( go" 


This distance limit will in any case be a complicat 
exponentional function by reason of the Bouguer-Lambe 
law of absorption, plus modifications for “haze” which seen 


to require putting both the distance and the particle-conce 
tration in the exponent, as in Beer’s law. 

Excessive dust causes other errors which will be d 
cussed later. 

Flames. When any combustion process goes on in 


furnace or kiln atmosphere, such atmosphere absorbs mor 
of the radiant flux from objects sighted through it. 
Glass, ete. 


will 


Lenses and windows as parts of the pyromete 
be dealt with in Section 5. Here we the effect 
of interposing media between the source and the py 
rometer. Most media transparent to light cut off in the 
ultraviolet fact matters little, for it 
calibration, a slight departure from the 

relation at 3000°F. o 
They cut off a infrared 
greatly alters the calibration curve for tempera 
1500°F. or thereabouts. In any case, however, 
the interposition of even a thin mica window to keep out 
dust will affect the Different glass 
es have greatly different but no need 
to dwell on this, for small 
effects. In other words, the fused 
silica, micas, ete., with regard to transmission of 
radiant remain constant throughout the life of thi 
window unless discoloration flaws develop. 


consider 
such 
which alone only 
requires, in the 
fourth-power 
thereabouts. 
and this 
tures below 


temperatures above 


large portion of the 


calibration curve. 


entire 
transmission curves, 
extremely 
characteristics of 


these curves show 
aging 
glasses, 


energy 


The transmission curves of all light-transparent media 
change, however, with the temperature of the material 
the window itself, as distinguished from the source tem 
perature. Therefore, they should be kept at “fairly” constant 
temperatures: the variations should not exceed 100°F. 

To summarize: The effect of a fairly non-selective me 
dium, or of a number of joint effect is fairly 
non-selective, is a “grayish” effect, reducing the area of 
the “portrait” without seriously altering its “features.” 
Temperature remains the fourth-root of the area unde? 
the curve—the fourth-root of the area. Selective 
absorption alters the T!- T? relation in raising the powe) 
from 4 to 
of selection at the 


media whose 


reduced 


1 and a small fraction (7 
peak). 


applies to the extreme 
Accuracy depends on constancy. 


5. Instrument Principles and Types 


At the beginning of this chapter it was stated that some 
eighteenth-century arrangements of a collecting-system-and 
blackened-thermometer in front of a peep-hole could be made 
to work today. Having read this far, you could make them 
work, for now you know that 

the function of a “total-radiation” pyrometer is 


to measure a continuous sample of the radiant 


from the 


energy or powe? source, and to indicate 
or record the fourth root. 
which knowledge of the true function of a radiation py- 


rometer is more helpful to the practical 
than memorizing the names of all parts. 


pyrometer user 





a 





en source and receiver are blackbodies; and when the 
e temperature is higher than say 800°F. and the in- 
nent is at room temperature, the basic principle is 
le: The net transfer of radiant energy between the 
‘e and the receiver is (T!- T}) P where P is an in 
nent constant which depends on the geometry, ete. Since 
eceiver intercepts the radiant flux from the source ove) 
all solid angle, its temperature at equilibrium will be 
enough for the T! term to be eliminated. Since the re- 
er absorbs the total spectrum, its temperature at equili- 
im will thus be proportional to the fourth power of the 
ce temperature. The receiver temperature is measured 
any suitable thermometer, usually a thermocouple o1 
‘mopile. The emf. being proportional to the receive) 
perature and hence to the fourth power of the source 
perature, a fourth-root scale on the millivoltmeter o 
entiometer will give direct readings of the source tem 
ature. 
So much for the familiar simplified statement of the basic 
erating principle—applying to a blackbody pyromete1 
gehted on a blackbody source. Later we shall come back 
to our functional definition and discuss a nonblackbody py 
meter from the functional viewpoint. Meanwhile, a word 
to types. 

Radiation pyrometers may be classified in various ways, 
e most obvious division being into (1) portable (2) pe 
manently installed. A portable pyrometer in use is subject 
to the serious errors mentioned in Section 5 and to the 
ntervening-medium errors mentioned in Section 4. In addi 


tion, it is subject 7 use to sources of error arising from 
its own variable temperature—which variability is due to 


its being a portable instrument. However, when this same 


portable instrument is correctly installed, properly sighted 
into a closed-end tube, and otherwise subjected to uniform 
conditions, it almost seems to become a different type of 
instrument. Therefore, the writer has proposed the follow 
ing prime division: 

1. Hand 

2. Autometric and autographic 


Ta 


which means that a pyrometer consisting as usual 
receiving tube and of an electrical instrument will be a 
“hand” pyrometer while being used as such, on different 
sources; and it will become an autometric or autographic 
pyrometer when properly installed—even though it be in 
stalled temporarily. Conversely, an autometric or autograph- 
ic pyrometer will be converted into a hand pyrometer when 
its tube is removed from the bracket or other such device. 

The important prefix “auto-” signifies that the measure 
ment is truly automatic, for the source is a part of the 
inner area of the closed end of one refractory tube; and 
the intervening medium is presumably a negligible factor. 
Therefore the scale readings are trustworthy: the instru 
ment does not require a set of emittance correction tables 
or charts. 

By implication, then, the readings of a hand pyromete 
are not trustworthy. This is no fault of the instrument, as 
was brought out in Sections 3 and 4. 

The endings ‘‘-metric” and ‘-graphic” refer to indicators 
and recorders. 

Note well that the closed-end refractory tube is an es- 
sential part of the autometric and autographic instruments. 
\ recording radiation pyrometer whose radiation-receiving 
tube is permanently installed at the side of a conveyo1 
where slabs or billets pass on their way from one mill 
stand to another, for example, may be called a “graphic” 


device, but hardly deserves the designation autographic, 
unless the emittance properties of the surfaces, and the 


atmosphere, are known to be constant. In such cases on 
are the temperature measurements automatic. 


) 


Another classification is into 
1. Self-contained pyrometers 
2. Separate-instrument pyrometers 

which cuts across the dividing lines of various othe 
classifications. For example, a self-contained pyrometer is 
an autometric pyrometer when attached to a bracket and 
properly sighted into a closed-end tube for which it has 
been calibrated. Also, a separate-instrument pyrometer out 
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fit may be provided with a shoulder strap and otherwi 
truly portable. When not used with its closed-end ty 
is a hand pyrometer. 

Another important classification has to do with the 
of energy-sampling system. This consists of the diaph 
the focusing system, and the receiver proper. There aj 
“types” based on forms of diaphragms; but there aré 
classifications based on the radiation-collecting and -f; 
ing systems. In Fig. 11 are shown the schematic diag 
of the five composite types. Note that there are two c| 
fications, as follows: 


I 1. Fixed-focus II 1. Cone 
2. Variable-focus 2. Mirror 
> Lens 


In practice the cone type is of the fixed-focus type; th 
fore there are not six composite types, but only five. 
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Variable-focus LENS type 











Variable-focus MiRRoR type 


Fig. 11. Types of radiation pyrometers classified according to radiatior 


sompling and collecting arrangements. (Slightly modrfied, from Bu. 


Stds. Sci. Paper No. 250.) 


Note that most of the radiation falling upon the receive: 
proper in the cone and mirror types is reflected. There is 
no such thing as a perfect reflector of all wave-lengths 
Moreover, surfaces which appear to be nearly-perfect mit 
rors in the visible range are in most cases poor reflectors 
of infrared. On the other hand, surfaces which show a visi 
ble color may be better for use as radiant energy reflectors 
Gold is the best of the readily-usable and serviceable ma 
terials: its alteration of the fourth-power relation is s 
small that the effect, according to the Bureau of Standards 
Scientific Paper No. 250, “does not become practically ap 
preciable until above 2500°C.” At higher temperatures, wher‘ 
more of the radiant energy is carried by higher-energ) 
photons, the selectiveness of gold cuts down the total to suc! 
an extent that calibration departs from the fourth-powe1 
relation more and more widely—by about 300°F. at about 














F. For most industrial purposes, the reflecting types 
be considered “graybody” receivers—not blackbodies 
ot definitely selective. 

e same may be said of the lens types as industrial 
meters; though, strictly speaking, the absorptivity of 
ses and fused silica is selective—highly selective at 
‘e temperatures below red. 

cusing geometry of fixed-focus types, and the mechani- 
xr optical fine points of variable-focus types, used to 
he subject of endless arguments. That was back in the 
when some ingenious-looking designs were botched in 
al manufacture—in the days when such pyrometers 
found by the Bureau of Standards to show errors of 
ndreds of degrees.” Those days were before the First 
ld War; today this subject is mentioned because inex- 
“monkeying” will cause errors just as huge. 

Manufacturers have prepared instructive charts, ete., per- 

ning to correct focusing and related precautions. Some of 

illustrations are reproduced in the next section. 

[he receiver proper, sometimes called the ‘sensitive ele 

ent,” may be of any form, but its radiation-receiving area 

uuld only be of one “color’’—which is absence of color: 
dead black. A morphological classification of receivers is dif- 
ficult because their form is governed by that of the primary 
element of the thermometric system. Thus the simplest com- 
bination of a receiver and thermometer is a tiny bimetallic 
spiral—-in which case we might say that the receiver is its 
own thermometer (but the pointer and scale are essential 
parts of the thermometer). 

Although the receiver proper may assume a great dive) 
sity of forms, there is an obvious classification of the the 
moelectriec types into “open” and ‘“‘glass-enciosed” or “bulb.” 
These latter, in turn, may be divided into “vacuum” and 
“gas-filled,” also into “glass” and “fused silica.”” By the 
same token we should divide the “open” types into those 
which are completely open to source radiation without in 
tervening lenses or windows, and those which are embodied 
receiving tubes of the lens type (or of the mirror type 
which there is a window). Thus an “open” disk in a lens 
type tube (or in a windowed mirror type tube) will have 
certain characteristics in common with a disk in a gas-filled 


bulb at the focus of a windowless mirror type pyromete 
tube. One of these common characteristics—convection as 
a cooling factor—will not be shared by the vacuum receiv 
er, Which is cooled by reradiation and conduction. But 
other details of the design and construction of the entire 
units determine the time characteristics. For example the 
glass bulb may be enclosed in a closely-fitting metal case 
(with a hole for the passage of the flux to the disk) in 
order to make the reradiation from the disk less depend 
ent upon the temperature of the outer tube of the assembly. 
Thus the sub-types and varieties multiply themselves as 
these factors are taken into consideration. On the whole, 
therefore, it does not seem justifiable to speak of the ‘ad 
vantages” and “disadvantages” of such interlocked and 
interdependent types, sub-types and varieties—especially in 
view of the fact that some designs are modified every two 
mr three years as advances are made in the lamp and 
acuum-tube industries. 

The next classification is according to the method of meas- 
iring the temperature of the receiver proper. A list of pos 
sible methods would coincide with most of the items in some 
f the tables given in Chapter II. In practice, however, the 
great majority of systems are thermoelectric. 


Functional Analysis 

The total-radiation pyrometer was purposely defined 
ibove as a radiant power sampling and measuring device 
though not in these exact words. It is as such a device that 
t will now be briefly described and discussed. Only a few 
points will be touched. 

The sampling is accomplished as follows: A diaphragm 
s used to obtain a definite area, hence radiant-flux density 
rr radianey, or power. This is an important first step in 
sampling. It suggests that the range may be changed by 
simply changing the area of the prime diaphragm or e 
trance pupil. A mirror or lens arrangement focuses this 
radiation upon a receiver whose area is smaller than that 











RESISTOR TERMINALS 


DESIGNED FOR YOUR JOB 


SPEED UP ASSEMBLY 


No one termina possiDly 


ter resistor installation. Wa 


Visit Our Booths 225 and 226 at the Power Exhibit, 
j ) 
Grand Central Palace, New York, December 2 to 


WARD LEONARD ELECTRIC COMPANY 


38 SOUTH ST., MOUNT VERNON, N. Y 





ripter” MODEL 626 


Today's equipment demands that instruments stand « t { 
invite you to read their long, legible scales trom close 
distance 

Model 626 is another of the new panel instrument “ s 
being added constantly to the Triplett line to make 
ment such that larger meters can be applied—bringing gt 
ceptance of your product. This handsome 6-inch rectangu 
case instrument offers unusually ng readable scales—S.( p< 
5.340 AC The case ind base ire nolded, giving a < 
insulated instrument with better reading. Model ? 1s 


Triplett’s 26 case styles 


Write for Catalog—Section 3211 Harmon Drive 








THE TRIPLETT ELECTRICAL INSTRUMENT CO. 


Bluffton, Ohio 





INSTRUMENTS 
November 1940 Page 








of the diaphragm, so as to multiply radiancy by the it 
ratio of areas (not an essential principle but obviously 
Tl " f ful in practice). 

1@Ory @ The receiver proper is the next-best thing to a blac} 
receiver, namely a blackened-surface device. For the 

e “ 1 ment we call it a disk (though its form is not a matt f 

Alte i i til ing Urrenh basic principle). At the start, all (or say 99%) of the 
tons that fall upon the black surface become ordinary 
Wav Forms mal-energy quanta ; and the disk heats up. This ersty 

< e » “cold” disk was of course obeying Prévost’s law of 
changes: receiving and radiating photons in all directio 
By PHILIP KEMP most actively to and from its blackened surface but 


M.Sc.Tech., M.LE.E., A.I.Mech.E., M.A.1E.E slow rate. When face to face with the source, its temp 
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Now (Fig. 12), it radiates in all directions at a faster rate, 
faster still from its blackened side, fastest of all in th 
INSTRUMENTS PUBLISHING CO. rina o8 the source! Rquillorinm conditions ane eventu 

ally established when the incoming and outgoing rates of 
1117 WOLFENDALE ST. PITTSBURGH. PA emission become equal—the time from “cold”? depending 01 
the mass and specific heat of the receiver, upon the black 











ness of the surfaces surrounding it and upon how muc! 
colder these surfaces are. The receiver doesn’t hang it 
empty space; it is supported. Therefore this time (called 
lag) is increased because the support has to be heated 
Equilibrium is only reached when the convection-and-con 
What Do You Know About duction-and-radiation outgo equals the net radiation input 

from the source. (No convection outgo in the case of the 
vacuum-bulb receivers. ) 
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Temperature of “Spot” on 
I4 metal foil Television \ 
Screen. Ko uehly plotted 
from data in Myers’s 


L/ectron Opties 












For example, how long must it take a temper- 4 Dae he Ee a eee 
' LY 299°F, Ambient Temp 

ature controller to begin its corrective action 1 — 2 3 4 G 6 7 a 
: ae! Abs 0 Hundredths of a Second (45sec. pictures) 
in the event of a 4 F. departure if it is sensi- Fig. 13 
tive to 1 F. and if its bulb has a lag coefficient 

r 30 2 ' é What is the minimum possible lag? Discussions hav 
of 30 seconds? How long will this do noth- raged for years—inconclusively because a m‘nimum-inertia 


receiver consisting of a monatomic layer of a “black” ele 
: ment over a thermopile or bolometer several atoms thick is 
protective well and thereby double the lag’ not practicable ... yet! One possible answer seems to loom 
up in a rather unexpected fieid: television. See Fig. 197. 


ing” period be if you install the bulb in a 


This subject — and others — are ; 
*We assume normal incidence the customary orientation. 


presented in Béhar’s handbook, Pages 538 to 569 of Myers’s “Electron Optics’ (Van Nostrand 
1939) deal with “Temperature Screens” and this title would natu 
rally attraet the attention of any temperature instrumentician. It 
| J was particularly interesting to note that Dr. Myers has formulated 
EF NDAMENTALS of several equations applying to television screens made of blackened 
metallic foil. Dr. Myers concludes that the materials and method 
now available are not adequate and gives supporting data. The 
INSTRI IMENTATION writer being curious to visualize the scanning-period temperature 
history of an element of area on a temperature screen, he plotted 
. something like Fig. 13. Immediately, the radiation-receiver possi 
$2.00 Postpaid bility became so evident that the writer then plotted Fig. 13. Th: 
relations shown do not apply to the supported edges of the screen 
] 7 of course. The interesting part is not only the microsecond heating 
INSTRL IMENT S PUBLISHING CO. time (beam energy in the form of electrons, not photons) but th: 
a , + ° cooling time, because this provides a valuable clue to the value ot 
111 W olfendale St. Pittsburgh, Pa. the lag coefficient of a ooh aces it similar screen supported by fila- 
mentary leads. The decay curve, though not exactly logarithmi 
suggests a roughly corresponding lag coefficient. 
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her answer, in the evolution of cathode sputtering from 
icate art to almost a manufacturing process. Another, 
e optics: larger entrance pupil and smaller image, de- 
ing customary “power” (condensing or concentrating 
r in the sense of geometrical optics). Another, in the 
f translucent coatings which “trap heat’ as does ordi- 
window-glass in hotbeds. And so on Pyrometer 
! ufacturers have presumably been exploring these dif- 
nt roads to the ideal of inertialess receivers. 

trange to say, an inertialess receiver need not be a mass- 

receiver. It can be thermally inertialess and yet be 

y. It may be described as one which instantaneously 
transforms all photons into electrons—which instantaneous 
ransforms the watts of radiation into watts that can 
rate an electrical instrument. The ordinary photocell 
s this selectively (see next chapter, on optical pyrom- 
rs), hence inefficiently. The blackened thermocouple does 
this partly (reradiation losses), hence—likewise—ineffi- 
ntly. At any rate, the usual method of measuring receive) 
temperature by a thermoelectric thermometer is more effi- 
cient than is any method permitting all of the radiant en- 
ergy entering the pyrometer to heat up the pyrometer 
itself. 

Which naturally leads to the topic of pyrometer tempera- 
ture—the temperature of the receiving tube. Two distinct 
aspects of this question must be borne in mind by the users 
of radiation pyrometers: 


(1) The temperature of the receiver proper is an equilib- 
rium temperature, reached when input equals outgo. Varia- 
tions in the temperature of the surfaces to which the receiv- 
er proper reradiates will change the value of each equilib- 
rium temperature which is supposed to represent a definite 
source temperature. Years ago, some receiving tubes were 
so bad in this regard that they literally had to be handled 
with gloves. Today’s portable pyrometers are better. Some 
of them have automatic compensators. But complete com- 
pensation would involve thermostating the entire tube. This 
is one of the reasons why we insist on the “hand” vs. 
“auto-” distinction. Even the best-made receiving tube is 
influenced by its surroundings. Surround it by a wate! 
jacket and you minimize serious sources of error. 


(2) The foregoing was the general case. The special case 
of the thermoelectric method of measuring receiver tem- 
perature (though it is the usual case in practice) presents 
the special problem of reference-junction compensation. 
Section 7 of Chapter IX was entirely devoted to this sul 
ject. It need only be stated here that reference-junction 
compensation is much more important in radiation pyrom- 
eters than in thermoelectric pyrometers. How much more 
important? By the ratio of differences between hot and cold 
junction temperatures. In other words, when a measuring 
junction is at 2075°F. and its reference junction at 75°F., a 
20° change in room temperature will cause an error of 1% 
in the emf., which will approximately correspond to a 20 
error in the temperature reading if the range is not “sup- 
pressed.”’ But when a temperature of 2075°F. is represented 
by a 20°F. difference between the measuring and reference 
junctions of a radiation pyrometer, a 20°F. change in room 
temperature will completely destroy accuracy.* Note how- 
ever that the errors are not as great aS some users seem 
to fear. We purposely emphasized the word difference, be- 
cause gradual changes in room temperature, having equa] 
effects on hot and cold junctions, are not so bad. What is 
to be guarded against is a sudden change. Some radiation 
Ppyrometers of the thermoelectric thermometer type embody 
automatic reference-junction compensation. Their tubs 
error coefficient is thereby minimized—but not always com- 
pletely eliminated. Here is why: A fairly gradual change 
of room temperature can be considered as a temperature 
wave which travels so slowly through the pyrometer that 


This 20°F, difference is true only at the low end of low ranges 
The highest difference seldom exceeds hundreds of degrees: it 
hever runs into the thousands, despite the frequently-heard (and 
nee advertised) statement that the focusing is so powerful that 
the disk gets hotter than the source. The Second Law of Thermo 
dynamics hasn't been repealed. 
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the reference unction and the reterence-junction compen- 
sator are at the same temperature; but in the event of a 
sudden change there will be an interval during which the 


R.J.Comp. will be at different temperatures. In 
a portable pyrometer is usually subjected 


R fe and the 


actual practice, 


to the most rapid changes when it is taken from its box 
and used in a different environment—the sudden change 
then occurring at the time a measurement is taken! 


“Watch out for the temperature waves” is another way 
“watch out for temperature gradients’—the ad- 
of the U. S. Steel Corp. has been 


with excellent 


of putting 
ce which Dr. Sosman 
yreaching to metallurgists results. 


In radiation pyrometry, temperature wave errors are 


changes of environment but by changes 
cycles of use. This applies in particular to the port- 
The effect When a portable 
is sighted upon a source, the establishment 


caused not only by 
n tne 
able pyrometers. is as follows: 
tube 
between the and its sur 


recelvel propel 


(1) In the first receiver 
a source. It starts a wave. The “reading lag’’ rep 
equilibrium. Ulti 


much 


place the heated disk or other 


reach a 


attained 


resents. the time to temporary 


ibrium is only at the end of a 


onger time—in some cases five minutes to as long as an 


(look up 


our—-during which there is a see-saw action 
1 heat conduction, chemical engineering design, etc.) 
Nowadays, there 
some d pyrometet certain designs which, when 


tested by the 


this is not troublesome, but are in use 
tubes of 
found to oscillate 
after 


In an apparently satisfactory way. 


Bureau of Standards, were 


amplitudes of 50°F. or more reaching 


ibrium 


(2) In the second place, when a receiving tube of certain 
tvpes is taken to the Vicinity of a source such asa large 
heat 


its sharpness because of the edge 


forging, for example, the image defined by the dia 
phragm begins to lose 
effect, so that the no longe? 
cold” but ‘a hot 


into oute}l 


receive} “sees a hot circle sur 


circle of increasing diameter, 


rounded by 


shading cold.”” Moreover, the heated diaphragm, 


front parts in general, start a temperature wave 


front to the back of the receiving tube. Again it 
to report that the modern receiving tubes are 


Sa ple asure 


better in this regard. Again it is necessary to mention the 


old tubes in use. 
Only the beginning of the use cycle has been discussed 
in the two foregoing paragraphs. It is obvious that a port 


able radiation pyrometer, however excellent its design and 


construction, will give slightly different readings through- 


during which it is used (or abused) in such 
that its front end will be subjected to 200°F'.. alter- 


nations of hot and cold. If the use cycle frequency matches 


out a workday 


manne! 


the natural period of the longitudinal temperature oscilla 
tion, the resonance will build up the error to such an extent 
a good pyrometer may unjustifiably be condemned. 


Stray Radiation. In addition to the more-or-less system- 
radiation, men- 
foregoing discussion, there is sometimes the 
possibility of radiation falling upon the 

Modern designs make this a rather remote possibility, inso- 
radiation is concerned. What is to be guarded 
is reflection; also, in some instances of thin-walled 
from local “hot 


atic or analyzable errors due to undesired 
tioned in the 
stray receiver. 
far as direct 
against 
housings, reradiation spots.” 

tubes is such 
independent of the 


Distance Factor. The geometry of receiving 
that the 
from the radiating body, provided that the former be large 
simply to limit the 


readings should be distance 


enough. In general, it is necessary 


eam received at the pyrometer to a cone of constant apex 
angle. Then, provided that the base of this cone, or “circle 
of application,” is completely filled, the reading will be 


independent of the distance. 


This may be demonstrated by discussing the various 


in Fig. 11. It can be made more evident, how- 
referring to Fig. 14 which is a simplified diagram 
Thwing cone type radiation receiving tube. 


types shown 
Sver, by 
rf the 
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No radiations reach the conical mirror from any pa f 
the observed surface outside the solid angle AOA’, an 
radiations from the surface falling within this angk 
transmitted by multiple reflection to the thermocouple at 


A 





bee —— 
’ Races 


a 


small end of the cone. If, for instance, the energy E, 
ceived from a surface of area S at a distance OA be c« 
pared with the energy, E’, received from the larger port 


of the same surface S’ subtended when the distance 
ORB 20A it will be seen that: 

E/E S/(OA)? + 4S/(2 OA) 
or, E E 


since the area increases with the square of the distane 
the intensity varies inversely with the square of the d 
tance. Note that while the distance B!/ 
may be varied, the source must always have sufficient ar 
to fill the circular surface of which BB’ is the diameter. 
The diameter of this surface, with the Thwing instrument 
should be 1” for every 8” of distance from the end of tl 
tube for a low (2500°F.) instrument and may be 
correspondingly smaller for instruments of higher rang 


again, however, 


range 


which have smaller diaphragms or windows. 

This ratio (of 1” to 8”) is known as the distance facto) 
Some writers express it as one to ten (or whatever) ; othe: 
simply as the second number. 

In practice one may be sure that the safe distance is n 
being exceeded as long as increasing distance does not 
decrease the reading. The eye-sighted types, of course, sin 


plify this determination. 


6. Industrial Forms 


The following does not aim to serve as a complete list 
of the modern American radiation pyrometers. In this re 
gard it is incomplete. On the hand, foreign 
pyrometers in use in America included. 

In the following, the emphasis will be on radiation py 
rometry—not on the characteristics of the indicating and 
recording electrical instruments. Chapter IX, Sec 
tions 8 and 9, for details on the millivoltmeters and poten 
tiometers used in thermoelectric pyrometry.) 

Therefore, whenever the lag is mentioned, the time il 
inherent property of the radiation 
receiving tube and not of any electrical instrument. h 
other words, the reading lag given is that for an outfit 
consisting of the receiver unit and a “typical” indicating 


other some 


are 


(See 


seconds refers to an 


millivoltmeter. 

In some cases, the radiation-receiving tube or “head” 01 
“unit” is made by company ‘A” and sold to the user by 
company “B”. In other cases “A” makes and sells, and “B” 


sells, but “A” supplies “A” instruments while “B’” sup 
plies “B” instruments, so that there is an “A” pyromete} 
and a “B” pyrometer which have the same tube. In still 


other cases the head made by “A” and the instrument made 
by “B” are installed by “C” with “C” installation parts as 
a “C” pyrometer pictured in the “C” catalog. And ther 
are even more complicated cases. The following does not 
aim to be a commercial guide: only the most essential ide? 
tifying names are mentioned. 


Fery The first ‘total’ radiation 
was devised by Féry in 1902. It consisted of a telescope, 
the object-glass of which focused the radiation from the 


Pyrometer yvromete 
! Pp) 


source on a thermocouple connected to a galvanometer. A 
large proportion of the radiant flux from the source could 
In 1904 Féry met this objec 
tion by using a concave mirror. 

The Féry pyrometer of today is manufactured in the U 
by the Taylor Instrument Companies and in England by 


not pass through the glass. 


w 








Cambridge Instrument Co. which first brought it out. 
interesting feature is the method of focusing by means 
small split mirror: the image of the source is viewed 
ugh an eyepiece at the rear. The mirror is in two halves 
ch are out of alignment until the main collecting system 
cussed on the receiving disk—which is done manually by 
ack and pinion (Fig. 15). 











Fig. 15. Section of 





Féry Optical Pyrome- 
ter. AA — Beam with 
large diaphragm. (¢ 

Collecting mirror. E— 
Ocular for focusing 
image on disk. F—Fo- 
cusing rack. M—Split 
mirror which shows 
image out of line 
when main collecting 
mirror is not properly 
focused. N—Receiving 





a o disk at hot junction. 
fie Pode i (Cambridge Instru- 
<= A ment Co.) 
be 


Taylor Instrument Companies—A concave mirror concen 
trates the radiant flux on a receiving disk of copper is” in 
liameter and 0.003” in thickness located at the thermocouple 
unction. One thermocouple is used, made up in the form of 
a plus mark, or cross, with a receiving disk placed at the 
intersection of the thermocouple elements. The thermocouple 
material is iron-constantan ribbon. The available ranges are 
1000 to 2400°F., 1500 to 8600°F.; 500 to 1300°C., 900 to 
2000°C. The focus of the reflecting mirror is adjustable. 
The distance the telescope must be placed from the furnace 
is determined by the size of the object. An object 3” in diam- 
eter can be read at a distance of 10 feet from the furnace. 
This gives a distance factor of 1 to 40. The lag to attain 
full-scale reading with each range is 3 to 5 seconds. Ap- 
proximately 6 millivolts are developed at the top mark of 
each range. With the diaphragm open at 2400°F., or with 
the diaphragm closed at 3600°F., the temperature of the 
receiving disk at the thermocouple is approximately 210°F. 
The indicating instrument is of the vertical-coil type with 
a scale approximately 6%°s” long. 


Cambridge Instrument Co.—The Feéry radiation pyrome- 
ter made by this firm is similar in its design. Some of the 
lifferences are that the collecting mirror is made of stain- 
less steel; that two thermocouples are used, made of special 
thermoelements which develop from 4 to 12 millivolts at the 
high point of the scale, depending upon the range, and that 
the distance factor is 1 to 24. A sectional view is shown in 
Fig. 15. 


Whipple-Féry Closed Tube Pyrometer—This is a modi- 
fied form of the Féry mirror type radiation pyrometer. It 
consists of a long iron tube, closed at one end by a blind 
tube of fire-clay, carborundum, quartz or steel (to suit 
various requirements). The radiant flux from the closed 
end is reflected at the opposite end of the instrument as 
sembly by the concave mirror, and brought to a focus at 
which is affixed a small thermocouple. A wide flange 
protects the hand of the observer from the heat in the 
case of open crucibles, ete. 


Leeds & Northrup old (Foster) model. Also, Foster In 
strument Co.—Many of these tubes are still in use; some 
are on the market. This is a fixed-focus receiver of the ther 
moelectric type. The tube can be held by hand but is de- 
signed chiefly for permanent installation. The distance fac- 
tor is 1 to 10 for all standard receiving tubes except that to 
1800°C. in which case it is 1 to 12. The radiant flux is con- 
centrated on a thermocouple by a convex mirror at the end 
of the tube farthest away from the furnace. The mirror is 
mounted in a cell and sealed to prevent tampering. Users 


having technical skill may break the seal, remove the mirror 
cell, clean it and replace it. The emf. developed by the ther- 
mocouple when sighting an object at 1400°C. is 14 milli 
volts. 

Leeds & Northrup Co. “Rayotube.”’ 
receiver is available at this writing in some forty to fifty 
combinations of tubes and various water jackets and closed 
end refractory or metal tubes, including models for source 


This company’s new 


temperatures as low as 225°F.; also “Narrow Angle” 
models for target diameters as small as 1”. No detailed 








sectional diagrams have been released by the manufac 
turer and it would seem that there are several distinct 
types of “Rayotubes” without taking the variety of apput 
tenances into account. Some are evidently of special low 
lag design and construction, being suitable for use with the 
company’s “Speedomax” recorder for recording the tem 
perature gradients along the lengths of slabs, billets, rails, 
ete., being rolled—which probably is the “fastest” standard 
industrial application of radiation pyrometry 

Keiser & Schmidt. In this. self-contained instrument 
(Fig. 17) the sensitive element is not a thermocouple but 
a bimetallic spiral about 1/10” in diameter and 1/1000 
thick, placed at the focus of a collecting lens 1's” in diam 
eter with a 2” focal length. This is a compact device 
almost a pocket instrument. The method of compensation 


COMPENSATION SPIRAL 
SCALE | SUSPENSION THREAD 








] 
CONCAVE MIRROR BIMETALLICTHERMOSTAT OBJECTIVE 
WINDOW 
Fig. 17 
for variation of room temperature is as follows: The scale 


over which the pointer travels is automatically shifted by 
a compensating spiral. This scale is transparent and can 
be seen at the same time the glowing source is viewed 
through the ocular, enlarged about 8 times. The distance 
factor is approximately 1 to 12. The instrument is 6” long 
and 2” in diameter, and weighs 6 ounces. The lag is said 
to be about 10 seconds. 
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“Pyro” (Pyrometer Instrument Co.) (1) Portable.—This 
isa 7” long self-contained (‘‘pocket”) fixed-focus collecting 
of German make (Dr. R. Hase). The 
disk is in a vacuum bulb. One thermocouple is 
factor, 1 to 15. Minimum diameter of source, 
is said to be 21 to 


instrument 1s 


ens type instrument 
receiving 
used. Distances 
8 seconds. The construction 
that 


2”. The lag 


of the 


the galvanometer 


interesting In 











s built around the telescope so that no leads are necessary. 
It would that it takes a little practice to this 
nstrument properly. A feature of convenience is the button 


seem use 
(“clamping stad” on diagram) which is pressed when the 
instrument has been sighted, and then released: the pointer 
remains fixed until again released by a second pressure of 
the button. Two models are available, each a double-range 
instrument: (1) 1000-18000 & 1800-2600°F., (2) 1400-2400 
& 2400-3600°F. Each is of the fixed-focus type but with a 
sliding eyepiece to suit the user’s eyesight. 

(2) This likewise 
thermocouple-bulb 


“Supersensitive.” is a telescope-sight 
but it is 


incorporate a 


ed, fixed-focus lens, 
designed for 


millivoltmete: 


receiver, 


higher temperatures, does not 


and is available in a water-jacketed housing. 

















The “Ardometer” Unit. Bacharach Industrial Instrw 
Co. (manufacturer); The Bristol Co.—This is a lens 
receiving head with a glass-enclosed thermoelectric rece 
proper. The unit (see Fig. 20) embodies a sighting 
scope with an objective lens 1 and an ocular lens 3. | 
iation is focused by the object lens on to a blackened | 
inum disk to which thermocouple wires are hard-sold¢ 
A diaphragh between object lens and bulb determines 
particular temperature range of the unit. In use, the t 
scope is sighted on the source. The observer looks thro 
ocular 38, after he has suitably adjusted it to his own ¢ 
In order to avoid dazzling the eye during adjustment 
small glass (4) may be inserted in front of 
ocular lens. He also sees, in the center of his field of visi 
the blackened receiving disk. The telescope is directed 
such a manner that the brightest part of the surface 
the hot body, or that part whose temperature is requir 
is nearly covered by the disk. The observer should now 
a uniformly bright zone all around the circumference 
the disk. Fig. 24 shows actual photographs of correct (to; 
and incorrect (middle) sighting of a small round 
such as a furnace peephole, and an example (bottom) 
which the source is insufficiently large as viewed, in whic! 
the should closer. (This applies t 
other telescope type units and will not be repeated.) Min 
mum source diameter, 1” (142” with special Ardometers) 
Distance factor, 1 to 1l. Lag, 3 for full defile 
tion. This radiation receiving unit or ‘head’? may be used 
as a “hand” pyrometer if the source diameter and othe 
local conditions permit keeping within the distance facto. 
It may be attached to a tripod (supplied by Bacharach) 
However, both Bacharach and Bristol recommend that i 
be installed in a water-cooled housing. Each of these tw: 


colored 


sours 


case observer come 


seconds 


firms supplies two types, “light” and “heavy-duty.” Bach 
arach supplies millivoltmeter indicators (portable) and r« 
corders (portable or switchboard). Bristol has a complete 
line of millivoltmeter and potentiometer indicators, record 
instruments. 


controllers and combination 


ers, 
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hwing-Albert Instrument Co. (1) Portable.—The con- 
iction of this receiving tube is shown in Fig. 25. It is of 
“universal” or fixed-focus cone type. The radiant flux 
ses through a series of non-reflecting diaphragms and 


Conical mirror 


Porcelain insulation, 
Thermocouples 


-reflecting 


ple, diaphragms 
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500-1200°¢ 


end, according to a 


for the usual reasons. For the rar 
is 21 millivolts at the upper 

tests made for this book; for the 
92.5 millivolts at the upper end. 
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falls on a conical mirror which reflects the rays back and 
forth until they finally are concentrated on a thermocouple. 
[The outside diameter is 1” and the length 30”. The construc- 
tion is into two separable sections, for convenience in car- 
ying. Six thermocouples are used, connected in series. The 
distance factor is 1 to 8. The time lag to attain full-scale 
reading is 15 seconds, and 7 to 10 millivolts are developed 
at the high point of each range. Thirteen single-scale and 
five double-scale portable millivoltmeters are available; seven 
single- and two double-scale wall-mounting models. The hot 
unction temperature about 210°F. the 
temperature is 3000°F. This portable tube must be held at 
the end; if grasped in the middle, a slight erro intro 
luced. A fixture is provided by the manufacturer, whereby 
this portable tube can be permanently installed. 
Twing-Albe rt Instrument Co. (2) For Permanent 
ing. Two models, and 
principal difference being described by these designations. 
Fig. 26 shows the “enclosed” tube, which is 20” long. The 
maker recommends that it be used only where ambient tem- 
perature does not exceed 150°F. The outer surface fini 
polished nickel, to minimize absorption of radiant energy 
which otherwise would heat the tube although the air tem- 
perature might be well below 150°F. The 
model’s internal arrangement is largely similar. 
“Mikrotherm” (Paul Braun) - A German 
sold by some U. S. instrument firms. Radiation 
by the junctions of ten small iron-constantar 
thermocouples (see rough sketch, Fig. 28). The receiving 


when measured 


is 


1S 


Mount- 


“enclosed” “water-jacketed,” the 


“h 7 
sh is 


water-jacketed 


pyromete} 


is focused 


a lens on 
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Fig. 28 
disk is made up of ten superposed individual disks, each 


welded to a junction. The distance factor is 1 to 20. This 
instrument is recommended for fixed installation—probably, 
we suspect, because the time lag is 60 seconds, as well as 


General Electric Co.—At this writing (1940) this firn 
supplies only one lens type assembled unit (upper part « 
Fig. 29) but a choice of two vacuum-bulb radiation ther 
mocouples. These, in fact, are sold as individual items; 
and the company does not catalog “radiation pyrometers” 
(though of course the buyer of the receiver unit is not for 
bidden to buy G-E electrical instruments to go with it) 
The lag is given in the form of the time-response curve 0 
a 0.5-sec.-period galvanometer: L 1 sec. and Ly 
seconds. The receiver proper is in the form of a thin (ap 
prox. one micron) strip mounted between two “heavy anch 
supports” which serve both as the lead wires and as the 
cold junctions for the single thermocouple. This keeps the 

rig. 2 

cold junctions in close proximity to the t junctions, and 
it is claimed, “nearly compensates f any changes 
temperature due to internal heating.” The emf. is approx 
mately 65 microvolts per °C. the hot junction is at tt 
center of the strip, in the form of a line extending acros 
the strip. The strip is approx. 2mm. wide, is blackened for 
about lmm. each side of the junction, thus giving a black 
receiving area 2mm. square. “These radiation thermo 
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over, the convex glass lens should only be used when the are welded. The cold junctions are riveted to a mica 
source temperature is well above 1000°F.; it should not be sandwiched between two other mica rings and the ass 


included in the assembly when lower source temperatures bly clamped between metallic parts, so that the cold 


are to be measured. Without lens, and with the unit close tions are held at the housing (ambient) temperature. | 
to the source, it is possible to measure temperatures as low junction compensation is by means of a nickel-coil s} 
as 500°F., depending on the emittance of the source: an connected across the thermopile and located in the im 
oxidized (nearly blackbody) surface 9” from the bulb pro diate vicinity of the cold junction. It is said that trans 
duced an ecpen circuit emf. (potential difference) of 200 and sustained variations of 250°F. in ambient temperat 
microvolts when its temperature was 700°F. have a “negligible effect.”” Each unit is factory-calibra 


for blackbody source and the adjustment sealed. As 


The “Pyrradio” Unit artman (: STAUN Pr.) : os . 
- Hartmann & Braun (mfr.); pas and electricity meters, an authorized person may chai 


Broun Instrument Co.’ Portable Unit (see below for 
Brown autometric).—Principal feature is the automatic 
compensation 


the calibration and re-seal. The adjustment range is 
proximately 10% to 20% in terms of thermopile e1 
Distance factor, 1 to 20. Minimum target diameter, | 


for variations in room temperature, consist 
ing of a crescent-shaped diaphragm controlled by a bimetal- 

Fs Kipp & Zonen—This Dutch firm (known fo. 
* astronomical thermopiles) manufactures two models « 


I 
radiation receiver which has no fewer than 18 thern 
couples in series, the elements being constantan to ma 
ganin. The lags are 2 seconds for the thermopile to atta 
- a. OS t temperature and 3.7 seconds for the full deflection of t 








‘te _ ! u electrical instrument furnished by this manufacturer. 
/ 
A < “Iscometer” (W. H. Joens & Co., Germany)—This is 
Fig. 30 receiver connected by means of a long metal tube to 
closed-end refractory tube. The sensitive element is a the 
mopile which develops 75 millivolts at top of scale rang: 
lic strip between lens L; and thermocouple receiving junc 
tion disk P. This is said to compensate both for entrance- 7. Notes on Calibration and Errors 
liaphragm temperature and _ cold-junction temperature. pers : 
The distance factors are 1 to 14 for an instrument made Calibration 
up for ranges up to 1200°C., and 1 to 20 for instruments The receiver is pointed at a nearly perfect blackbody 
lesigned for higher temperatures. Above 1400°C. the ther which is either found in some furnace where the conditions 
mocouple develops more than 30 millivolts, so that vertical are suitable (see Section 3) or can be made up by windings 
shaft indicators are only required for the low-range unit. an electric heating coil around a porcelain tube closed 
one end, as described in various scientific publications. The 
Brown Instrument Co.’s “Radiamatic.”—The announce- essential requirement is that the temperature of the black 


ment of this receiver, in the latter part of 1940, contained body be accurately measured by means of a good standar 














an exactly quantitative statement of the lag characteristic: pyrometer. Another requirement is purity of atmospher 
“98 of a temperature change in 2 seconds.”” Applying between source and pyrometer, if true “calibration” rathe 
the thermoelectric-lag (logarithmic-decay) equation to Lys than “checking” is desired (see Section 4). Therefore, 
gives the “e” coefficient as 0.67, the Lyo as 1.18 see. and you use a closed-end tube in an industrial furnace, an 
the Lyy as 2.36 see.; also an 86% response in one second. an optical pyrometer to calibrate your radiation pyromete! 
[wo ‘“‘Radiamatic” units are available at this writing: a make sure that the refractory is not porous to infrared 
fused silica lens model for maximum temperatures of less absorbent gases such as CO and CO». 
than 2300°F. and a Pyrex glass lens model for higher tem As with most other industrial instruments, the impo1 
peratures. Figs. 51 and 382 are largely self-explanatory, tant thing in the large majority of applications is not s« 
but there may be mentioned that all thermopile junctions much to measure the true temperature as to be able t 
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oduce temperature conditions day after day. There- 
check up your radiation pyrometers fairly frequently 
yt to make sure that they measure the exact tempera- 
but simply to make sure that they have not “gone 
The radiation receivers, the electrical instruments 
{ in connection with them, and the self-contained indus- 
radiation pyrometers, while not entirely fool-proof, 
uld “stay put” in their indications for months—and 
1etimes for years of service. Above all, keep the collect 


lenses and mirrors clean! 


iscellaneous Errors of Radiation Receivers 

Some of the topics below have already been discussed, 

t they bear repetition. 

Factory calibration assumes that the receiver prope 

ll not be exposed to stray radiations beside the heat of 

e source being measured. The sensitive element “sees” 

e object or its reflections over a wide-angle of vision, but 
he remainder of its sphere of vision must not be forgotten. 

In the Féry type, for instance, if the window or dia- 
hragm closest to the disk is overheated, a ring of invisible 
eat radiation, surrounding the principal beam, will also 
all on the disk. This effect is largely compensated by the 
ptical properties of the mirror—when variations in dia- 
phragm temperature are due to varying distances from the 
object. When the distance is fixed and the effect is caused 
by variations in furnace opening, the errors cannot be 
compensated. Follow the manufacturers’ specifications for 
sighting-hole dimensions. 

In open-tube receivers, where the rays are reflected to 
the disk from almost all around it, the disk “sees” the 
source directly over a narrow cone. It sees its reflection 
over a wide cone of “vision” (almost a sphere in_ the 
Twing receiver). But it also sees other parts of the instru- 
ment, such as diaphragms. Applying extra heat to these 
surfaces will cause the indicator or recorder to read too 
high; cooling them unduly will cause low readings. Ven- 
tilation features do much to obviate such undesired varia- 
tions. 

The instrument reading in thermoelectric types depends 
mn the difference in the temperatures of the hot and cold 
nds of the couples. In some designs the cold junctions are 
so shielded from the radiation and other heat sources that 
fluctuations in surrounding air temperature should not 
cause serious errors: each end is equally affected. This 
does not constitute complete compensation for the tem- 
perature waves to which hand pyrometers are subject. 

With thermocouples sealed up in bulbs there is a residual 
heat effect, noticeable as hysteresis. When taking readings 
in succession it is well to give the bulb time to cool off. 
It takes longer for the sealed-up disk to come to room tem 
perature than for the cold end. “Rest” a portable instru- 
ment between readings and make these short. When the 
receiver is permanently installed, prevent rapid tempera- 
ture fluctuations around it, unless it is completely water 
jacketed. 

With a fairly constant-temperature source of radiation, 
you can determine for yourself the effects of varying the 
distance of the receiver. Start farther away than the man- 
ufacturer recommends; take readings at known distances; 
approach as close as conditions permit, take readings again 
as you recede. Plot the curves. The results will point the 
way to the best practice. 

Another interesting series of tests applies only to the 
collecting-lens receivers: Note how the maximum permis- 
sible working distance varies with the temperature of the 
furnace. The reason is that the higher the temperature, the 
wider the spectrum, and the “thicker” the image, since 
the lens is not “achromatic” for “total” radiation. Camera 
enthusiasts will know how to minimize this tricky source of 
error. 

A closed-end refractory tube of the proper material for 
giving blackbody or at least graybody conditions is recom- 
mended for permanent installations. Chief requirement is 
constancy of atmosphere in tube: if absorption of radiant 
energy by gases and fumes cannot be avoided, keep it 
down and keep it constant. 





As Low as 


0.01 MICROAMPERE, FULL SCALE! 


RCA Ultra-Sensitive 
Electronic DC Meter 


at New Low Price 


DC measurements of extremely minute electrical val- 
ues are easily and accurately made with this portable, 
self-contained RCA meter: Galvanic and electronic 
currents... Voltages from sources that must not be 
electrically loaded Resistances measured with 
only minute current-flow. 

As a microammeter, the RCA TMV-178-A gives 
you 12 ranges—the lowest, 0 to .02 microamperes— 
the highest, 0-10,000 microamperes. As a D.C. Volt- 
meter, it affords 8 scale ranges—from 0 -0.1 volt to 
0 -500 volts—with a constant input resistance of 
5 megohms, for substantially open-circuit character- 
istics. Resistance measurements from 0.1 to 100 
megohms, and from 20 to 1000 megohms, in two 
scale-ranges, can be made with applied voltage of 
less than 0.5 volt. 

Because the meter itself is electronic: lly oper ited, 
hence electrically isolated from the input, it cannot 
ordinarily be burned out or dam: iged by overloads. 
And the price is well within your budget—write for 


complete data. 
Use RCA Tubes in your measuring 
equipment for greater precision. 


Measuring Equi 


RCA Manufacturing Co., Inc., Camden, N. J. 
A Service of the Radio Corporation of America 











assification and Characteristics 


of Prime Relays 
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In Chapter I it was mentioned that one of the ways of 
classifying all industrial temperature instruments is also 
(1) direct-acting or direct-writing or direct-deflection or 
self-operated and (2) all those employing an _ external 
source of power. The latter are called “relay” or “servo 
motor” instruments. Both designations are exact, because 


a device or system of this kind makes use of a relatively 
powerful servant and commands this servant by means of 
some arrangement which we may call a pilot or relay. 
Let first of all consider the most important the 
prime or initial relay—the one immediately associated with 
the because in some complicated sys 


tems there are several servants or, to be more precise, sev- 


us 
measuring element 


eral “stages.” 





Note—The ILLUSTRATIONS have been selected to bring 
out unusual rather than common and well-known cases and 
characteristics. They have been selected for this ARTICLI 
and do not represent the final choice for the BOOK which 
is being given its final revision. 











Fig. 1. In this furnace temperature control system the PRIMI 
relay (6) actuated by radiation-pyrometer primary measuring 
system 2-3-4-5-13, is PNEUMATIC and its function is to actu- 
ate a hydraulic relay, whose function in turn is to operate the 
fuel valve. Both the pneumatic prime relay and the hydraulic 
power’ relay are of the “‘jet-pipe’’ type, but with the differ- 
ence that the former requires only one orifice (11) whereas the 
latter requires the usual two orifices. Another unusual feature 


is the intimate association of the permanent-magnet-moving- 
coil electrical element 13-5 and the pneumatic relay: coil 5, 
which floats in field of magnet 13, is carried by arm 12 which 


is continuous with jet-pipe 10, so that one pivot serves both the 
electrical movement and the prime relay which it commands 
( Askania) 

In any temperature control system of the relay class, the 
primary measuring element is the most important member 


of the team; and the “prime relay” is the one to study 
with greatest care. To study these numerous kinds of re 
lays we must classify them. 

Although the literature on relays and on servo-motors 


would fill a five-foot shelf, this classification and anaylsis 
had never been done from the viewpoint of Instrumentation 
until about three years ago when the undertook to 
and summary of character- 
both subject to revision when terminology becomes 


writer 
make a tentative classification 
istics 


somewhat standardized. 


1. Pneumatic 

This class is mostly made up of compressed-air devices 
but it includes vacuum systems and gas-operated systems. 
Characteristic feature of the usual dead-end and bleed at 
rangement is a single controlled-air line between pilot and 
that the action is unidirectional (“single 
action”). In the usual power device a flexible diaphragm is 
urged in one direction by the compressed-air pressure and 
in the other by a spring. The characteristic “give” prevents 
locking-in-place of power device and, if the controlled valve 
is imperfectly balanced, load error (‘“droop” is inevitable. 
pneumatic re 


power device, so 


However, there have appeared secondary 


°*T) trouble } been, it se s, that the terminologic ised by 

writer n la ind on rvo systems ha been all mixed up 

For xample we find the adjectiy electronic ipplied to many 

devi n whi lectron tub play a subordinate part or even to 
l in whic the ire 1 lectron tubs t all 

G t t) lebt wt h w W to radio engineers, we can't 

' t this confusion t or ind therefore my tentative classi 

fication pury lv gin 1 row definition to “electronic relays 

\r he ficulty lat t tl standardized terminology of 

ic ! I ring which [T would not drean f changing. In 

] ! r in t lavs embody measuring (or “re- 

- ) | nts ! operat utomatically, se that from the 

iewpoint f Instru ntation they are not relays but iutomati 

ntroll Zz gl it t following discussion, the relay is the 

! whereby the 1 irin element is enabled to command 
wit if i I inv other work 


vised edition of Tempe! 





iture Measure 


lay systems known “regulators,” ‘‘valve positione 


ete., which provide micrometric lock-in when properly 
justed. Some are double-action systems comparable to t 


as 


hydraulic class. 

Most primary pilots, directly actuated by the measuri 
elements, impose practically no variable drag on the mea 
uring elements; and some of the newer fully-balanced ar 
floating designs are entirely free from metal-to-metal frictio 

Pneumatic-relay instrumentation is relatively inexpensi\ 
large high-pressure valves must be con 


(except where 


manded: the lower cost of electric motor-driven valves ma 

then offset the differences in all the other elements of thi 

systems). Compressed-air storage tanks assure safety il 

case of interruption of electric power. Speed of power de 
vice operation is readily adjustable. 








Recent developments in pneumatic circuits comprising a 


plurality of relays (similar to “cascading” and “feed-back” 
with electron tubes) have added stability and have thus 
made the pneumatic system capable at last of meeting 
difficult variable-load requirements. (However, it may be 
worth mentioning that the modern pneumatic relays were 
invented and developed by instrument men for instrument 
men.) 


1A. Steam 

This class shares some characteristics of the pneumatic 
class and of the hydraulic class. Most conventional steam 
pilot valves, operating double-action cylinders, require so 
much energy for their actuation that only the relatively 
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ful primary measuring elements can actuate them 
ut suffering impaired sensitivity. However, there are 
y valves, modified needle valves and bleed arrange- 
ts, together with single-action diaphragms, etc., where- 
small simple mercury or vapor-pressure temperature 
uring element, for example, is enabled to actuate the 
y” part in a satisfactory manner. No need to dwell 
1e fact that disposal of exhaust and condensate create 
lications not present in pneumatic relay systems. 





tively delicate contacts at the pointer actuate power relays 


with relatively high rati 


ngs. (“Power relays” here denotes 


a great variety of switchgear all described in readily-ac- 


cessible electrical-engineering handbooks.) 


The two principal cla 
by the measuring elem 
relays are (1) solenoids 
oids provide practically 


sses of powell devices commanded 


nt through electric and magnetic 
and (2) motors. In veneral, solen 


Instantaneous ac 


permit a choice of speeds. 
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neasuring system ends 
in a galvanometer 
whose pointer com- e 

mands an air relay % 

with mechanical aid— 

the power being supplied, however, by an elec- 
tric motor not shown. Note that although the 
pointer is clamped cyclically, the mode of con- 
trol is ‘“‘stepless’’ or ‘‘proportional.’’ (Foxboro) 





2. Hydraulic 

Although the Greek root means “water,” this class com- 
prises all systems where an “incompressible” fluid is the 
operating medium. In control systems, oil is most frequent- 
ly used. Ample power, positive operation and possibility of 
locking-in-place of power cylinders are the most obvious 
characteristics. In general the action is relatively slow, but 
accurate adjustment of speed is an advantage. On the other 
hand, jerky action is all too frequent in some cheap systems. 

Most longitudinal-motion pilot valves consume too much 
energy to be suitable for actuation by electrical movements 
and by most other measuring elements. This undesirable 
erratic drag effect has been minimized in the newer pilots 
and almost eliminated in the Hagan longitudinal-motion type 
pilot relay and in the Askania pivoted “jet pipe” relay. 
Prodigious ingenuity is evident in recently invented hy 
draulie circuits (mostly inspired by those of turbo-genera- 
tor governors) which permit achieving results close to per- 
fection. 


3. Mechanical 

Few mechanical relay and amplification systems have 
been utilized by industrial instrument designers. It is most- 
ly in the recording, integrating and totalizing instruments 
that one finds them. The enormous disproportion between 
the total number of classes and types of escapements, 
clutches, triggers, torque amplifiers, etc., and the total 
number in use precludes further discussion here, except 
to invite attention to the fact that the proper performance 
of many recording and controlling instruments employing 
mercury switches, electric contacts, electric-motor chart 
drives, ete., depends upon the correct functioning of me- 
chanical relays actuated by feeble measuring elements and 
in turn operating the electrical devices. 


4. Electrical 

The great majority of electromagnetic relay systems in 
industrial instrumentation are ‘“‘on-and-off” devices whereby 
circuits are instantaneously opened or closed. The simplest 
are those wherein contacts are directly attached to the 
pointers. These are “electric” rather than “electromagnetic” 
and they naturally divide themselves into single-contact, 
high-low, and so-called “three-position.””. Next come the 
true electromagnetic relay arrangements, whereby rela- 








HIGH 





Fig. 4. Showing how the mechanical 
prime relay of Fig. 3 is commanded by 
the galvanometer pointer and in turn 
commands the three mercury switches 
(Republic 





LOW NORMAL 
Although most electromagnetic relays are ‘“‘on-and-off 
there are several types which provide “throttling”? modes of 
control some step-by-step, othe continiou ly (1 able 


The simplest arrangement, to have the instrument pointe) 


“wipe” a rheostat, imposes a drag on the measuring sys 


tem and as a rule can o 

















instrument. A modification is to have 


a voltage-dividing 
called a ‘‘potentiometer” ) 
and-contactor balancing 


resisto! 


nly command another pointer type 
Fig. 5. Comtact-making 1s the simplest 
electrical prime relay idea, but not the least 
capable of interesting possibilities. Here, 
for example, an ‘ordinary room thermostat 
employs contacts to provide inticipa 
tory’. mode of control. Heater F, in ‘hold 
ing’ circuit with contact FE, causes thermo 
stat head to heat up faster than it would tf 
it ‘‘waited’’ for room to heat up to control 
point. Thus breaking contact H s acceler 
ited. But contact B must be broken by nor 
mal temperature rise at thermostat. To ener 
gize second electric relay D and start burner 
B and W close in conventional manner 
When D closes, holding contact F is mack 
Time of burner operation thus depends on 
rate of temperature rise Minneapolis-H 


The } 1nte pie 

(commonly and errone 
vhich in turn positions a solenoid 
arrangement commanding a rela 
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White enamel back; yellow enamel back; Hespe; red-reading mercury. 
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tively large motor. Another modification is the Brown-Bove 
rocking-contact type of resistor which is so frictionless th 


jg 


at 


a damping device to prevent overshooting is a standard 


“step-less” arrangement 


part of this “pilot.” Another 
found in the G-E 
variable electrical relay systems have been developed. 


Fig. The Gouy Principle (see text) 
Strictly speaking, prime relay is mechanical 
as well as electrical, but determining factor 
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is that measuring element is mercury col- 
umn B which by its height com- 
mands ratio of ‘‘on’’ to “‘‘off’’ time ‘ 
in vibrator cycle by varying immer- , 
sion times of platinum wire. A, there- ‘ 
by actuating solenoid re- ‘ 
lay with contact at D. , 
(From article by C. O 

Fairchild, Instruments, 

Dec 1937, pages 305, 


317.) ! 
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Lineé 


The effect of a continuous variation or “throttling” 


“Silverstat.”” Various other continuously 


Thermometer 


is 


obtained by vibrators and other circuit-interrupting devices 
(some of which are combination mechanical and electrical 
relays) whereby the closed-circuit time in each cycle of 
operation is a function of the position of the pointer. The 
resulting mode of control is applicable only to processes 
with adequate energy storage or “flywheel effect.” There- 





be! 
Min» 


is 








this equivalent of throttling is chiefly used for the con- 
of electric heat. Modern high-rating inverse-time re- 
for such heavy duty as furnace temperature control 
» periods of one to five minutes. Other temperature con- 
lers have periods of down to a few milliseconds. The 
inal inverse-time cyclical interrupting device, invented 
Gouy in 1897, held the temperature of a bath within 
5°C. but was of relatively low wattage. Its modern 
logues are used in the Tagliabue “Celectray” system 
in some “vibrating” types of themoregulators. 


High-frequency Electrical 


This designation has been adopted to convey unmistak- 
y the idea that this class of relay systems utilizes the 
perties of a-c. networks. (Since most a-c. phenomena 
nifest themselves at low [commercial] frequencies, the 
signation ‘‘a-c. relays” would be correct, but in electrical 
gineering terminology it already denotes a class of de- 
vices different from the systems here considered.) 
The outstanding characteristic of high-frequency elec 
ical relays is the possibility of eliminating drag by doing 
way with contacts and pilot valves. In some systems the 
inter or equivalent element serves as one plate of a va- 


Fig. 8. The first in- 
dustrial temperature 
control system to use 
a high-frequency type 
prime relay (capacity 
Variation) was the 
“Capacitrol’’ brought 
out in 1935. Note the 
mercury switch — sec- 
ondary relay. There is 
nothing electronic’’ 
about such prime and 
secondary relays. 
(W beelco) 
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riable capacitor, in others it serves as the control element 
in an inductive coupling, the mechanical reaction in either 
case being negligible. 

Aside from these pointer-displacement systems there are 
others in which the relay action is effected without any 
mechanical motion at all. These latter, of course, can only 
be used in conjunction with “static” (no-moving-parts) 
measuring systems in which the measured temperature is 
translated into an exactly proportional electrical magni- 
tude. This representative electrical magnitude need not it- 
self be an a-c. effect: the feeble d-c. output of a thermo 
couple, for example, can be used as the controlling input. 

Relay systems of this class are erroneously called ‘elec- 
tronic’ in nearly all booklets describing the recorders, con- 
trollers and telemetering system in which they are used. 
This is incorrect even when electron tubes are used inci- 
lentally. 

Among the most sensitive systems of this class are res 
mant networks adapted from radio and employing elec- 
tron tubes as “servants” of the prime relay. The earliest 
ones (1931), actuated by capacitor primary elements, em- 
ployed tuning phenomena and radio tubes. So did the first 
ones for industrial temperature control (Wheelco Instru- 
ment Co., 1933). But while they may all be said to use a 
“radio principle,” they should not be classified as electronic 
relay tubes. 


6. Electronic 


In this newest class of instrumentation relay systems 
the relay proper is an electron tube, directly actuated by 
or fed from the measuring element or system. Although 
relatively few of the hundreds of commercial types of elec- 
tron tubes are suitable as prime relays, other types are 
employed in the numerous circuits which have been devel- 
oped to take full advantage of the general characteristics 
of electronic relays. 
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- \\we* ELECTRONIC TYPE 
f PYROMETER CONTROLLER 


No motors, no depressor bars—no contacts 


The Alnor is a simplified controller which operates on 
an electronic principle similar to a radio. 

The pointer of the pyrometer carries a vane. Two simi- 
lar condenser vanes are attached to the arm of the adjust- 
able target. When the pyrometer pointer reaches the target 
setting, the pointer vane passes between the condenser 
vanes and causes a change in the capacity of the circuit 
which in turn actuates the switch controlling the heating 
current or fuel valve. A red eye tells whether the heat 
is on or off. 

With no motors, contacts, depressor bars, there is no 
time lag in response and the utmost in ruggedness and 
durability is provided. Write for bulletin No. 3197-A 


© Minois looking Jatheaippineie: 


142 WEST HUBBARD ST., CHICAGO, ILL. 














Two Convenient Ways 
To Check Controllers 





Ist, Use this portable 


potentiometer - pyrometer. 


2nd, Install this instru 


ment or a direct-reading 
pyrometer for instant, con- 


tinuous check. 





PROTECT valuable equip Model 70-PO (portable) 
ment, and make sure your 
processes are operating at prop- Where lead and thermocouple 
er temperatures, by periodically resistance 1S apt to. change, 
double-checking indication of wall-mounted instrument pro- 
controllers and recorders with vides continuous check. If little 
this exclusive new potentiometer change is anticipated, a rugged, 
Ic reads directly in tempera reasonably-priced pyrometer or 
ture—millivolts if you preter thermometer can be permanent- 
uses installed thermocouple or ly installed. Operator or control 
portable ; weighs less, and most room. then checks temperature 
important, tollows temperature ata glance. If controller fails, 
changes without any balancing manual operation is substituted 
Detection of one controller Ask J-B-T temperature spe- 
weakness will more than pay cialists to recommend a double 
for Mode: 70-PO check for your application 














Write for information Ti a Dept. 5, 441 Chapel St. 


J-B-T INSTRUMENTS, INC. 


New Haven, Conn., U. S. A. 








First among these general characteristics is suita 
for actuation by static (no-moving-parts) measuring 
ments. Conversely, no ordinary pointer-and-scale ty; 
measuring element can be equipped with an electroni 
lay; and no ordinary type of electron tube can serve 
relay in conjunction with a mechanical-displacement 
of measuring element.* 

Second outstanding general characteristic is enor 
amplification: up to 1500 in each stage. Third ger 
characteristic is instantaneity. Other general characteri 
(to which there are exceptions) are: limited life, gra 
or sudden alteration of tube constants without out 
sign, fragility, low cost of “spares,” ease of replacen 
and relative instability where the “signal” from the m 
uring element is of the order of millivolts d.c. 

Electron tubes differ from all other relays in that w 
the “constants” of a tube are mostly inherent and are 
tended to be unaffected by external factors, its operat 
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Fig. 9. Generalized diagram of method of utilizing an electron tube as 
the prime relay commanded by (fed from) a feeble measuring element 
(Actual hook-ups may be simpler.) An electrometer type tube amplifies th 
signal sufficiently to operate a power relay. Nature of device D depends « 
source and nature of input signal: if source is of practically infinite inter 
nal resistance and signal a d-c. potential, D should be a resistor of th 
order of megohms; if signal is a. c. or “‘chopped,’’ D should be a ca 
pacitor. 


characteristics depend on external factors such as ambient 
temperature, character of signal, whether the load is purel) 
resistive, inductive, capacitive or combination, ete. 

Inherent electron tube characteristics depend on inte? 
related features of design and construction. With regard 
to the character of the space there is a twofold division 
(1) Vacuum tubes, being evacuated down to a pressure of 
a millimicron or less, have a nearly infinite resistance wher 
no potential is applied and thus are “voltage-operated”’ de 
vices, provide the best means of accurately controlling th 
flow of electrons and therefore are the most suitable for 
amplification duties but (except for rectifiers and oscilla 
tors outside our scope) have low ratings —milliwatts to a 
few watts. (2) Gas-filled or vapor-filled tubes, evacuated 
then filled with a pure gas or vapor at pressures betwee! 
®» and 500 microns, have a relatively low and constant volt 
age drop between anode and cathode, can carry relatively 
enormous currents and are widely used as rectifiers, va 
riable-resistors, trigger-effect power switches, ete., but the 
linearity of their characteristics is seriously affected by 
temperature and other factors. 

With regard to types of cathodes there are (1) therm! 
onic, (2) photoelectric, (8) cold and (4) pool, only the first 
two being commonly used in measurement work and only 
the thermionic tubes being suitable for service as primé 
relays directly actuated by any measuring elements hav 
ing electrical outputs. 

With regard to structure, the diodes are unsuitable be 
cause they have no control electrodes, but while all others 
are suitable the triodes and screen-grid tubes are the ones 
chiefly used up to now for instrumentation relay service. 

With regard to control of the electron stream there are 
(1) electrostatic means such as grids, plates, etc., (2) elec 
tromagnetic means, generally coils outside the glass enve 
lope, (3) combination tubes. All of these are suitable 1 





ciple, so that practical considerations of dimensions, 
ght, cost and availability are the ones that have caused 
familiar electrostatic-control tubes to be adopted almost 
usively. The same applies to cooling means, water- 
ed tubes introducing an undesirabe complication in in- 
iment work. 

4s to the nature of the envelope there are (1) glass 


(2) metal 
availability- 


tubes, fragility 
metal searce 


the characteristics being 


tubes 


still being relatively 


are 





the time of writing. 
Summing up, we may say that the single “type” most 
table for relay service as understood here, may be de- 
ibed as follows: high vacuum, thermionic-emission 01 
ated cathode, amplifier tube with one or more electro- 
itic control electrodes. 

So numerous are the built-in means of control (including 
version” schemes with grid anodes, etc., specially de- 
ened for measurement work) and the external methods 


control (“hook-up”) that further discussion cannot 


ve 


ittempted here. 


Photoelectric 


This class of relays comprises both phototubes and pho 
cells. Outside the field of Instrumentation the former are 


‘electron tubes’”” and in nearly all texts they 
il 


nsidered 
lumped together with the electronic relays discussed 
he foregoing paragraphs, while photocells are excluded. 
For our purpose the only criterion is that electronic relays 


respond to purely electrical effects and have purely elec- 
trical outputs; whereas photoelectric relays are all 


al 


which respond to light and have electrical outputs. 


There are three classes of such devices: (1) “‘selenit 
yr photoresistive tubes and cells—originally 


t \ 
today: (2) photo- 


the oniyv ones 


but seldom used for instrument work 








emissive, comprising various forms of vacuum and gas- 
filled glass tubes with various forms of catnodes coated 
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eral Electric. 
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The Truly Modern 
Temperature Control 


. Wheelco s 
“I Radio 
Principle’ 








Modern production methods require extremely close 
regulation of process temperatures. “Radio Principle 
Controllers were specifically designed to satisfy the most 
exacting of industry's requirements. 

ACCURACY —The elimination of any mechanical interdependence 
between measuring and control sections results im maxis 


accuracy 


SENSITIVITY—The slightest change in the temperature meas 
ured actuates the control 

DEPENDABILITY—The dependability of ‘Radio Principle” ¢ 
trollers is best demonstrated by the large number of re te 
we receive from users of Capacitrols, Potentio-trols . 
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emperature Instrumentation for the 
ontinuous Ice Cream Freezing Process 


\warded an Honorable Mention in the 


Second Annual Instrumentation Contest 


By the Technical Staff of 
Abbotts Dairies, Ltd. 
Philadelphia, Pa. 


N the last four years the manufacture of ice cream has 

been revolutionized by the continuous freezer. The rate 

of freezing is so rapid in these high-speed machines, and 
the finished product is so sensitive to small changes in op- 
erative conditions, that of the tem- 
perature of the product leaving the freezer is essential. It 
the temperature is too low the finished ice cream will have 
a “cold cream” texture; if too high it will be coarse and 
icy. A novel application of electrical resistance thermom- 
thermometers, will be 


accurate measurement 


eters, supplanting mercury-in-glass 
described. 

First, a brief outline of the continuous freezer process: 
The cream in liquid form, mixed with the required flavoring 
materials, is put large tank on the floor above the 
freezer. A pipe line with suitable from the 
tank to the freezer and through this line the liquid cream 
flows by gravity. Each freezing machine has its self- 
contained electrically-driven ammonia refrigeration system, 
an air injection device and gear pressure 
slowly and delivers a 


into a 


valves leads 


with 
pumps. The first pump runs fairly 
measured quantity of cream per minute to the other pump, 
which runs much faster. This creates a suction. A measured 
quantity of air is allowed to enter the line between the two 
pumps. This air is essential: without it the ice cream could 
not be eaten for nothing but a solid hard block of frozen 


together 


cream would result. 

Fig. 1 shows two of a gang of three freezer units con- 
nected to a common outlet pipe. The cream enters the front 
of the freezer through the pressure pump which is required 
to force it through the piping after its temperature has 
been reduced. This usually takes a pressure as high as 70 
lbs./in.2. The cream which emerges is about the consistency 
of a soft paste which will just hold its form without run- 
ning and its temperature is around 22°F. It is frozen in 
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passage through the two refrigerated freezing cylinders, 
the mutator inside having sharp blades and a speed of 700 
r.p.m. The temperature is controlled manually by adjusting 
the refrigerating device. The quality, smoothness and rate 
of production of ice cream all depend on accurate control 
of the temperature of the cream as it comes from the 
freezer. Also differently flavored creams, for best results, 
must be controlled at slightly different temperatures within 
a range of only 0.2°F. 

Mercury-in-glass thermometers, graduated in tenths of a 


degree Fahrenheit, were employed. One mercury thermom- 


eter required considerable attention from one of the at- 
tendants handling the container filling device. This was 


the filled con- 
Frequent errors in 
readings caused considerable variations in temperature dur- 
ing a run. Often, when the thermometer was not carefully 
handled, it was broken in the ice cream. (Result, an expen- 
sive thermometer destroyed and a large container of cream 
wasted.) Because periodic tests were made, accurate control 
was impossible, for after determining the temperature of 
the cream coming from the common line of a gang of 
it was necessary for the attendant to walk from 
one to another of the pive line thermometers to determine 
which freezer unit needed adjustment. Stem errors in the 
pipe line thermometers were not easy to determine or com- 
pensate for. Trouble with separated mercury columns was 
frequent. 


stirred periodically in the cream in some of 
tainers moving on a traveling chain. 


freezers 


All these factors led to a search for a temperature mea- 
suring equipment which would be automatically accurate 
and reliable, read easily by the attendant, and not subject 
to frequent breakages. An equipment consisting of a set 
of nickel resistance thermometers, an indicating recorder 
and a selector switch was supplied by an instrument manu- 








Fig. 2 
Fig. 3 





facturer to cover a range of 10°F. to 30 F. with readability be valuable guides for future production. When a particu 
to a tenth of a degree. Fig. 2 shows a disassembled view of larly good run of ice crea s obtained, the record ide 
a pipe line thermometer. The thermometer coil, wound « 

a metal spool having on it an end brazed into the tip of the Production is speeded up with the same numbe at 





stainless steel protecting tube, put the temperature measur-  tendants because none of their time is used f andling 
ing point right into the middle of the ice cream stream, testing thermometer Frequent ecks of the automat 
eliminating conduction errors. The top end of the thermom- equipment were made when it was first installed but tt 


} 


eter is vulcanized to a flexible rubber-covered cable. All equipmen as proven s eliable tl ecks art w made 


parts are smooth and accessible for cleaning. The thermom- only once a month. The indicating recorder t 
eters are so rugged that no breakages have occurred in over uring circuit are supplied from the regular a ght 
18 months of service. circult—batteries are not needed 


The dial switch is set to make the indicating recorde1 An interesting fact previously suspected was lea 


‘ead continuously the temperature of the ice cream in the from the use of the resistance thermometer equipment. It 
common outlet lines. It is evident from Fig. 3 that the at- was found that the ice crea! n the commor itlet | 
tendant has no difficulty in reading the indicating device from the freezer was always at a lower temperature thar 
accurately even from a considerable distance. Another ad- the ice cream just at tl itlets of the separate freezer 
vantage is the possibility of determining individual freezer units. There is sometimes a difference of more than half 
outlet temperatures by turning the dial switch at the in- degree and this has been checked many times. No de te 
strument. Figs. 1 and 3 show the locations of the various explanation for s differs has et bee fered. Per 
thermometers in tee fittings. hans some of the readers of this article may be able to ¢ 
The records of runs for different flavors have proven to an eas understood explanat 
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ies mn’ mathematics are written with the onversation and correspondence with the 
physical significance” mode of presentation 4:4.4¢ descendants of the ¢ irly laboratory 
is their purposé For example is early as ; : 
the fifth page, the author brings in Schrod are (eet the book is truly 1uthenti 
incas equatior * the hydrogen atom but nd of real \ ilue as a history of a young, 
without writis it ne dolla tine tory and igorous and rapidly-growing American in- 
point + it , r upters whicl lustry. The book is generously illusti ited, 
the I tat ight } e heen omit ontaining many cuts of historically impor- 
ted - th readir for their own uke tant apparatus and pictures of pioneers in 
us if they w ticle in a emi-popular th industry 
cientif irl Moreover, the most “de On the whole the book is fairly complete 
tached 1 ! (such as the delightful in its coverage. One is surprised, however 
ssay entitled Intuitionist nd Formal to note no mention of Caesar Tagliabue of 
sts’’) tur? t t } i distinct bearir the C J. Tagliabue Mfg. Co., one of the 
n the later chapter , ne discovers wher riginators of standardized American-made 
he has been reading the book er a period il-testing equipment. Likewise, the present 
if two or three montl ndustrial importance of the fine work done 
Part Ill The Quantu r} ! Thi i b the Standardization Committee of the 
virtually elf ntained text Or Lin t American Chemical Society, as well as that 
the entire field of modern pl ics, empha- ione by the many committees of the Ame 
izing diseu ! f various quantum theoe can Societ for Testing Materials, would 
i¢ and di I nome the difference be em to warrant more emphasis on the part 
ween tl pl 1 universe ! f the author 
tne ir . . pat ic phenomena, but Ir pite of these few shortcomings this 
yt i : : lectir the difference b book may well be considered a real contri 
tween pr Einstein ar relat ul ew bution t the history of chemical educatior 
’ p pher el Her ul ope! n America ARTHUR SCHRODER, Chicago 
' par Di f th i-page Part 
The Theory of Relativit nd the Quar Flasticité et VPhotoélastic étrie. By 
tur Theorv are the two latest products of H I Le Borrevux and ROBER BoUSSARD 
natural phil pl in physic The re not Hermann & Cie, Paris, 1940. Paper, 6 
pposing doctrine between which we must LO inehe 361 pages, 231 figures, Price 180 
hoogse t P plement coverl } nm 
lifferent field The cience of photoelasticity or the opti 
In spite of its length, tl book |} evi cal method of stress analysis has within the 
lentiy been written fro beginning to end last ter eal experienced a remarkabl 
with painstaki! care, One reason for it rowtl New methods have been developed 
length is obviously the ithor determit nd new techniques perfected. The complete 
I e % I portant A exploration of two-dimensic ss field 
rt lar t new neept by t 1 was radically simplified, n many f 
te pedago f and rhetori the older methods obsolete made it 
- Notewortl ex pl the 45 | ble to solve important industrial prob 
. : Heisenber Uncertainty lems. In addition, the scope of the photo 
re ’ t xe ition, putting ¢ lastic ethod ha been extended fror 
nar U mips a ; - : ae trictl tw limensional proble to space 
t wl bandonir l i fo theolog Sires imensional problen 
. n't . Rac ne osu : slicks The growtl if the science of photoelastic 
e — : : sid san sic aac pids it nd the increasing role which it began 
tet ’ fy wil if Heiser : 
ee , ~ to play in the engineering world manifested 
: a o _ - es “7 # ms : f t ir marked ri in th research 
t tur nd nd in the number of seri 
N ! writ , t Aras boo n the subject. Whereas prior to 
; : ; Kx . : th. ae : t ’ ther w hardly book n photo 
“st ‘ a ak oe ticity t re today at least half 
hir f wit} reater ) tw , 10ze! h books in English, Russian, Get 
Dr. D'Ab Ir xactitud ul 1 mar nd the latest in Fren 
‘ scoit , ate r I t best of tl iewer’s knowleds 
ae ‘ t} Sac ace, taal t book by Messrs. Boiteux and Boussard 
lerr popu writin , Enel tl first French bool n Photoelasticity 
( nt en frar in } r book ! t f four part nd thir 
nl t ex] idde ’ faitment et ! pter Part I i n introduction t 
é t Ir nee nd polis! 1 1 1 tl I r ei ticity with special empha 
t f it cidit nd exacti n tw limensional proble s. Part II 
thar ! lt of f tvlistic ( lops the electromagnetic theor f light 
t t nt f ern pl ic nd the necessary principles f crystal 
\ ! t I t) f 1 pt Part ITl liscu t tr pti 
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cial scientists, character analysts 


law, photoelastic equipment, constructior 


models, isoclinics and stress trajectoric 

Part IV the authors take up the proble: 
the determination of separate pring 
tresse Here we find a description of M 
nager’s method leading to interferomet 


ind lateral extensometers, Favre’s comy 
optical method and Filon’s graphical ir 
gration for the determination of princi 
tres ilong stress trajectories. The lat 
is illustrated with two numerical examp 
one 1 bar In tension with a symmetri 
bulge ich a may be produced by 
type of welding, the other a simple be 
in central bending. The materials used 
nodels are celluloid and a plastic wl 
they refer to as Rhodoid which seen 
resemble bakelite in sensitivity 

The general impressions of this review 
ire mixed in character. The theoretic 
ispects of elasticity are well treated az 
clearly presented. There ire 1 good mat 
line drawings which facilitate the readins 
The treatment of optics follows the electr 
magnetic theory which is mathematicall 
rather involved for most engineers, Ti 
theoretical chapters are, however, amor 
the best in the book. But Photoelasticity 
decidedly more than a theory. Its value t 
the engineer lies in its ability to provide 
powerful practical tools for quantitatiy 
stress determination. The engineer is there 
fore primarily interested in the progress ir 
the technique, methods and the accumulated 
data already obtained. From this point 
view the volume under consideration re 
flects more nearly the tate of our science 
f 1930 than of today. The authors seem t 
have lost contact with most of the develop 
ment made in recent years. This is evi 
denced by their persistent adherence to col 
red stress patterns, which except for quali 
tative demonstration are now generally out 
moded The book contains eight colored 
stress patterns but not one single black and 
white fringe photograph. Instead we find 
ither large number of free-hand sketche 
of isochromatic lines, 

One i ilso impressed by the complet 
ibsence of any reference to American work 
since 1930 as well as by the absence of any 
photoelastic data on the vital subject of 
tress concentration. The book furnishes 
idequate, although unnecessarily obstrus¢ 
treatment of the theory of photoelasticity 
but it doe not give a true picture of the 
present state of the technique, methods and 
iccomplishment which ire it a mucl 
higher level, at least in this country, thar 
that exemplified by this work. 

M M FROCHT Ph. D.., issociate 
Professor of Mechanics, in charae 
rf Photoelastt Laboratory, Ca 


negie Institute of Technology, Pitts 


A Primer of Time Study. By F. M 


SHUMARD McGraw-Hill Book Company, 
New York, 1940. Cloth, 6 &* 9 inches, xii 
20 page Price $5 


The author exhibits the effects of a back- 
ground in industry ind illustrates every 
point by descriptions of time study situa 
tions within his experience Although the 
book shows no sign of a knewledge of sci 
entific ipplied psychology, the author does 


not hesitate to refer to ‘‘Psychologists”’, so 


: with 
the logmatic issertion, ‘‘Although results 
have oceasionally been achieved of genuine 
interest to the realm of pure science, it i 
nly fair to point out that such studies have 
not yet produced any factors of knowledge 
which are applicable to applied science as 
n our industrial life 
iving thus disposed of the practical 
ies of general psychology, he proceeds 
to list the character traits required for a 
od time study man each on the basis of a 
perce ange ating scale, and with no con- 
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ition for the fact that such terms as 
igination,” “‘Sense of Fairness,” ‘‘Power 
Sympathy,” “Salesmanship,” ‘‘Leader- 
etce., represent intangibles, subject to 
ense overlap in definition, and having 
statistically proven reliability. He fur- 
s no criterion for the statistical relia- 
tv of his ratings. Yet he says, “Time 
ivy may be properly termed a science,’ 
fe says, “The T.S.M. (time study man) 
ild be restricted to extreme limits of 
vr,” but the only instrument of precision 

1 in all of his timing operations is 

p watch graduated in hundredths of 
nute! Perhaps his statement, “A good 
S.M. need not have a thorough mechanical 
lity to do his job accurately, although 
y experience he may have had on the 
k he is analyzing will be of benefit to 
1. The president of a successful automo- 
le factory does not necessarily have to be 
composite of the fastest and most skill- 
erators on every job in the organization,” 
xplains the fact that this book is con- 
icuous by the absence of any presentation 
the principles of modern instrumentation 
1 time study. This is a textbook of stop- 
itech methods, purely, written from anec- 
‘tal experiences of a practical time study 
in who shows no effects of a training in 
he statistical methods of personnel valida- 

ion and reliability. 

On the positive side of the evaluation of 
is book, there are several suggestive con- 
tributions. The intangibles behind time 
tudy data, long a sore problem in accurate 
tandards, may be reduced by the use of 
rating scales. Without question, he has a 
nethod here which is worth trying. His bias 
igainst ‘“‘pure science” is such that he will 
probably never acquiesce to the idea that 
the psychologist’s classifications of rating 
scale errors are pertinent to his work. But 
the addition of rating scale techniques 
time study data offers a suggestion for 
indling the quality factor in work output. 
His practice exercises are an excellent idea, 
particularly those which are objectively 
measurable, and therefore potentially a val- 
idating check on the time study man’s judg- 
ment. Some of his practical conclusions do 
parallel the findings of general psychology, 
whether he knows it or not. He has verified 
the rather startling effect of piece-rate mo- 
tivation on employee output and advises 
the green time study man to avoid being 
influenced by previous day-rate outputs 
The range of scores in his rating scale 1s 


from 40 to 100. Since he tries to make the 
ratings proportional to output per unit of 
time, this means that fastest workers have 
i production-ratio to poorest workers of 
ibout 214:1. This is in moderately good 
igreement with other findings on the indi- 
vidual differences of workers in the simpler 
skilled jobs. He makes no rating scale al- 
lowance for the fact that individual differ- 
ences can be both greater and less, depend- 
ing on. the mental requirements of the 
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this author might profit by a greater re 
zation that general science is not as specu- 
lative as he thinks, and that general science 
research men will be fully appreciative of 


his fact-finding attitude. 
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Special warning to readers 
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ROUTE SLIPS N 

} because if you don’t act before it’s too 


Yes, “Warning” and not merely “Notice’ 
late you will suffer a serious deprivation 
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I HANDLE the letters from you gentlemen You can order a copy in advance. The price 
who read company-subscription copies of [n- is $2 net. But it’s a lot simpler to send $2 for 
struments and who write to this office order- a whole year’s subscription. 


ing single copies where there are articles you 














want to keep. Really, it breaks my heart when 
we're out of stock, because I know you have 1. 
to order photostats and go toa lot of trouble! T e January 1941 Issue 
So when I saw all the preparations for the THEME “Speeding Up National Defense 
big National Defense Speeding-up Issue, | through Instrumentation 
said to myself that next January my depart- TWO PARTS—BOUND SEPARATELY 
ment would be getting thousands of requests PART ONE Special Feature: Prize-winning 
all at once, from you men who don’t get copies essays in Instrumentation Contest 
ot yvour own. PART TWO The 1941 Jnstrumentation In- 
I know—from experience with special issues dex—a guide to use every working day of 
that made hits. the year. 
So I showed the boss my records, and sug- 


gested printing big stacks of extra copies of 






next January's issue, to sell to those thousands. And here’s good news: the Group Subscrip- 

The boss told me there would be no extra tion Plan remains in effect! So please don’t 
copies: the company uses its revenue to give wait for any of your associates to start a group. 
subscribers the best service. My department Just fill out the blank right now and enclose 
has to show bona fide orders. Well, that’s a your own check: you'll have no trouble col- 
good policy, of course, but I can imagine your lecting from the others. Indeed, they'll thank 







disappointment if you don’t reserve a copy! you. (P.S. And you'll thank me.) 
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